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Metallic water borne base coat composition. 

eg 

< 

^ There is disclosed a metallic and ncnrr.etallic water borne base coat connposit(ons exhibiting exce^^er^t 

appearance. A method for long term stability and the introduction of alummurr, f^ake pigments into a water borne 
W coating is also Oisciosed. The method is based on storing the aiuminum flake m a solvent envirnonnent \\\rr 
^ introduction of the aluminum flake in to the aqueous envirncment ;L;st before applmg the base ccat ccat.ng A 

water reducible acrylic resin with noniomc and acid functionaiity has been disclosed that ai!ows 
^ f:f direct introcuctton of aluminum flake m to an aqueous envimcn^eni. The coating vehicle is based cn acryitc 
Q fatex vehic:e which exhibits excellent drying and film properties. The coating compositicns disclosed are m 
^ c^nphance with current and proposed volatile crgamc compound regulations. 
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FIELD OF INVENTION 

The present invention is concerned with a water borne coating composition designed for the coating of 
transportation vehicles. The invention is related to coating compositions primarily for a base coat of a multi- 
coat system which includes primers and transparent clear coats, particularly with base coats containing 
metallic pigments, based on acrylic latex polymers. 

BACKGROUND AND PRIOR ART 

Related automotive paint compositions of this type are disclosed in U.S. patent applications titled 
METALLIC WATER BORNE BASE COAT COMPOSITION BASED ON ACRYLIC LATEX RESINS USING A 
WATER REDUCIBLE RESIN FOR ALUMINUM STORAGE AND A PREGELLED HECTRORITE CLAY FOR 
RHEOLOGY CONTROL Ser. No. filed , METALLIC WATER BORNE BASE COAT 

COMPOSITION BASED ON ACRYLIC LATEX RESINS USING A WATER REDUCIBLE RESIN FOR 
ALUMINUM STORAGE AND A TREATED HECTORITE CLAY FOR RHEOLOGY CONTROL Ser. 
No. filed . METALLIC WATER BORNE BASE COAT COMPOSITION BASED ON 

ACRYLIC LATEX RESINS USING AN ACRYLIC RESIN HAVING ACID AND NONIONIC FUNCTIONALITY 
FOR ALUMINUM STORAGE AND A PREGELLED HETORITE CLAY FOR RHEOLOGY CONTROL Ser. 
No. filed . METALLIC WATEH BORNE BASE COAT COMPOSITION BASED ON 

NONIONIC FUNCTIONALITY 




No. filed , METALLIC WATER BORNE BASE COAT CC 

ACRYLIC LATEX RESINS AND ACRYLIC RESINS DERIVED FROM ACRYLIC MONOMERS HAVING 
NONIONIC, URETHANE AND ACID FUNCTIONALITY FOR ALUMINUM STORAGE AND A PREGELLED 
HECTORITE CLAY FOR RHEOLOGY CONTROL Ser. No. filed , METALLIC WATER 

BORNE BASE COAT COMPOSITON BASED ON ACRYLIC LATEX RESINS USING ACRYLIC RESINS 
DERIVED FROM VINYL MONOMERS HAVING NONIONIC AND URETHANE FUNCTIONALITY FOR ALU- 
MINUM STORAGE AND A PREGELLED HECTORITE CLAY FOR RHEOLOGY CONTROL Ser. 
No. filed , METALLIC WATER BORNE BASE COAT COMPOSITON BASED ON 

ACRYLIC LATEX RESINS USING ACRYLIC RESINS DERIVED FROM VINYL MONOMERS HAVING 
NONIONIC AND URETHANE FUNCTIONALITY FOR ALUMINUM STORAGE AND A TREATED HEC- 
TORITE CLAY FOR RHEOLOGY CONTROL Ser. No. filed , METALLIC WATER 
BORNE BASECOAT COMPOSITION BASED ON ACRYLIC LATEX RESINS USING ACRYLIC RESINS 
DERIVED FROM GRAFTING AN ISOCYANATE ADDUCT HAVING URETHANE AND NONIONIC FUNC- 
TIONALITY ONTO AN ACRYLIC RESIN HAVING ACTIVE HYDROGEN FUNCTIONALITY FOR ALUMINUM 
STORAGE AND A PREGELLED HECTORITE CLAY FOR RHEOLOGY CONTROL Ser. 
No, filed , METALLIC WATER BORNE BASECOAT COMPOSITION BASED ON 
ACRYLIC LATEX RESINS USING ACRYLIC RESINS DERIVED FROM GRAFTING AN ISOCYANATE 
ADDUCT HAVING URETHANE AND NONIONIC FUNCTIONALITY ON TO AN ACRYLIC RESIN HAVING 
ACTIVE HYDROGEN FUNCTIONALITY FOR ALUMINUM STORAGE AND A TREATED HECTORITE CLAY 
FOR RHEOLOGY CONTROL Ser. No. filed , and ACRYLIC LATEX METALLIC WATER 
BORNE BASE COAT OF IMPROVED APPEARANCE Ser. No. 07 355,959 filed May 23. 1989. All of these 
U.S. patents and applications are incorporated herein by reference. 

It is customary in the painting of an automobile that 
a series of coatings be applied to the substrate. The first coat being the primer followed by the base coat 
and finally the clear coat. The base coat provides the good decorative quality to the final finish via organic 
and inorganic pigments. In many automobile finishes, a metallic finish is desired. To obtain this metallic 
effect, metallic pigments are present in the base coat, typically aluminum flakes. The aluminum flakes in the 
base coat contribute to the glossy lustrous appearance of the final finish. 

Another feature that aluminum flakes contribute to the appearance of the final finish is the change of 
brightness as the viewing angle is changed. Typically, the final finish is bright when viewed at a 90 degree 
angle, however, when the viewing angle is changed to 180 degrees, the coating has a dark appearance. 
This phenomenon is known as "flop" in the automotive field and is highly desired. The ultimate in "flop" is 
achieved when the aluminum flakes are orientated parallel to the substrate. Random orientation of the 
aluminum flake results in a final finish exhibiting bright and dark areas when viewed at 90 degrees. This 
appearance is known as mottling and detracts from the final appearance of the final finish. In general, the 
metal fixation in base coats is achieved by a rheology modifiers such as inorganic and organic thickeners. 
The particular rheology control agent used in this invention results in a non-mottled, high head-on- 
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brightness, outstanding flop, and high quality finish, even in the case of a silver nnetaliic base coat. 

In the current nnarket place, autonnobile coatings, especially base coats, contain a high level of organic 
solvent. With increasing concern about the volatile organic emissions into the atnnosphere, an intensive 
effort in research and development of coatings containing mainly water as the solvent with a snnail level of 
5 organic solvent is under way. An e<ampfe of such an effort is U.S. patent No. 4,730,020 which discloses a 
water-dilutable coating composition comprising specifically selected acrylic copolymers, solvent blends, 
coloring and or optical effect pigments and polymer dispersions. To obtain the desired optical effect of the 
metallic flakes, the correct combination of acrylic copolymer and solvent blend must be achieved. An 
aqueous thermosetting acrylic resin described by U.S. Patent No. 3.862,071 controls the metallic pigment 
orientation by the addition of a water insoluble copolymer. Microgel technology as described by GB-PS No. 
2.073,609 also results in the proper metal orientation. Also disclosed in DE No. 3,210,051 is an attempt to 
control metallic pigment orientation using polyurethane dispersions. Ceilulosic esters have also been used 
to control metal fixation as disclosed in DE No 3,216,549. The rheology modifiers or rheology control agents 
for water borne coatings have poor shelve stability, poor weathering characteristics and are cumbersome to 
r5 use. The particular rheology control agent used in this invention results in a non-mottled, high head-on- 
brightness. outstanding flop, and high quality finish, even in the case of a silver metallic base coat and does 
not suffer from the problems cited earlier. 

The use of acrylic latex resrn in a base coat formulation has been disclosed m European Application 0 
287 144 A1, however, this application does nof" disclose any rheology control agents, pigment dispersion 
20 procedures, method for aluminum storage and requires that the acryhc latex resin be prepared in 2 or more 
steps by emulsion polymerization 

Typically, coating compositions used in the automotive market, especially in the automotive after 
market, are produced by mixing various bases to give the desired color. These coating compositions are 
then applied in about 1-5 days after preparation. A major problem is the introduction of aluminum flakes 
j5 which react with water to generate hydrogen gas Therefore, the aluminum flake must be segregated from 
the rest of the water borne components to minimize this hazard. 

Thi<; invention also describes a nieifiud for the storage of aluminum (lake in an organic medium with 
introduction of the flakes directly into the aqueous environment without neutralization just prior to application 
of the coating system. 

30 

SUMMARY OF INVENTION 



This invention relates to water borne compositions for use in metallic and nonmetallic base coats in a 
muiticoat system for rhe automotive market. Typically, a water borne basecoat coating composition for the 

.'5 refmish market are m a kit form The present invention is concerned with an acrylic latex coating 
composition for use in an automotive paint base coat composition. The invention also relates to base coats 
containing pigments, metallic pigments, organic solvents, and conventional paint additives. The outstanding 
metal control exhibited by this coating composition is attributed tc the rheology control agent, the film 
shrinkage of the acryiic late< vehicle while drying and a wa.v The use of acrylic latex results in a very fast 

^0 dry time. This coating composition provides a base coat that satisfies current and proposed volatile organic 
con-ipound regulations. Even with ccnventional non-metalitc pigments, the coating exhibits excellent appear- 
ance. 

This invention aescribes a method for the storage of aluminum flake in an organic medium with 

intrcducticn of tne flakes into the aqueous environmern jus: pnor to application of the coatu^g system. Th,s 
metnod minimizes the potential hazard of the aluminum flake reacting with water to form hydrogen gas and 
dulling of the aluminum flake dnng storage. This method can also te used for the storage of other water 
sensitive pigments such as copper and brass, Other pigments such as plastic films mica and coated 
metallic foils can be stored using this method. 

The automotive metallic base coat paint comprises throe components. A) aluminum base. pigmented 
5C cr Lcpigmented base, and C) reducer base The automotive nonme-a-iC base coat paint ccmcr'ses two 
ccrT^conents; A) pigmented base and B) reducer base. Component A the alum,inum base, is corTnposed o^' 
metal'ic Makes siurred mto a so'vent bcme acrylic resm and water miscibie solvents The acryiic .''esm used 
;n t^^'S component has nonicnic and acid functionality ai.ow=r^g for :lirect ;ntrccuction of the component into 
a':jc.:us acry'ic iate^ 'es.n system. The acry'ic res=n used in tnis compcne^n perferably has nonionic. 
...re:'^ane and aciC functionality The aium.ruim ciiscerson res;n .$ an acryiic poiyner ;n water-mtscibie 
s>: -.ent(5i and can be *:i'^^ed by the free-racica' ^rit.ateo pcyme^ cation cf ethyienica !y unsaturate'?! 
•T^ccmers A poi/et"ef ccr^ta-ning ethy .er^ica:iy uc.sat.jrated monomer a'"d cr a '"'ovo' pc yet'^er-uret'^anr 
:cr:a.r^'r.q e:'^> 'en.ca: v L."sa[^.- a:eC ry^c^irve- t ■•'I'uaod ^n v-e -T^c^cmcf '^'.<ture tc g-.e a f'ca coiv- 



3 



EP 0 471 972 A2 



(ethylene oxide) level of 1-50% by weight, preferably 5-20% by weight. The number average molecular 
weight of the polymer is between 1,000 and 50,000 atomic mass units, its Glass Transition Temperature 
(Tg) IS between -20* and +50* C (calculated by the Fox method), a hydroxyl number of 0-50. and its acid 
number is from 5 to 50 milligrams of KOH per gram of resin solids. The viscosity of the final polymer is 
3,000-10.000 cps with a solids content of 60-70% by weight at 23' C. 

The aluminum dispersion resin also can be prepared by the reaction of an acrylic resin having active 
hydrogen functionality with an isocyanate adduct having urethane and nonionic functionality. The final resin 
has a final poly(ethylen oxide) level of 1 - 50 % by weight, preferably 5 • 20 % by weight. The number 
average molecular weight of the polymer is between 1,000 and 50,000 atomic mass units, its Glass 
Transition Temperature (Tg) is between -20 'C and +50'C (calculated by the Fox method), a hydroxyl 
number of 0 - 50, and its acid number is from 5 to 50 milligrams of KOH per gram of resin solids. The 
viscosity of the final polymer is 3.000 - 10,000 cps with a solids content of 60 - 70 % by weight at 23' C, 

Commonly used metallic pigments, used singularly or as a mixture are copper, copper alloys, 
aluminum, steel, mica, plastic films, and coated metallic foils, preferably aluminum at a level of 4-30% by 
weight, preferably 20-30% by weight. The aluminum base contains 5-35%, preferably 20-30% by weight of 
the solvent borne water reducible acrylic resin. The organic solvent for this base must be water miscible. 
Examples of solvents are methanol, ethanol, propanol, butanol, N-methylpyrroiidone, glycols, glycol ethers, 
glycol acetates, diethylene glycol ethers, diethylene glycol acetates, propylene glycol ethers, propylene 
glycol acetates, dipropylene glycol ethers, diproftylene glycol acetates, specially preferred are ethylene 

^r. propylene methyl ether, 




methyl ether, dipropylene ethyl ether, dipropylene propyl ether, and dipropylene butyl ether. 

Component A. the aluminum base, has a total solids level of 25-55 by weight, total volatile organic 
solvent level of 35-50% by weight, total metallic pigment level of 4-30% by weight and total binder level of 
5-35% by weight. 

By binder we mean the nonvolatile portion of the resinous vehicle of a coating, in particular reference is 
given to Paint & Coatings Dictonary, Published by The Federation of Societies for Coatings Technology, 
1978. By solids we mean the nonvolatile matter in a coating composition left behind after drying, in 
particular reference is given to Paint & Coatings Dectonary, Published by the Federation of Societies for 
Coatings Technology, 1978. 

Component B, pigmented base, contains acrylic latex grinding polymer and acrylic latex film forming 
vehicle at a level of 5-50%, preferably 15-50%. This level depends on the pigment in the component. The 
level of pigm.ent in component B is 0.5-35% by weight, this level depends on the pigment characteristics 
also. Typically, a pigment to binder weight ratio of about 10' 100 to 300/100 is acceptable. The pigments are 
typically ground using conventional dispersion equipment such as sand mills pearl mills, ball mills, 
horizonal mills, and vertical mills. Optional wetting agents, surfactants, and dispersing aids can be 
employed. This component may also contain a wax composed of ethylene and/or ethylemcaiiy unsaturated 
monomers aikyl (meth)acryiates such as methyl (meth)acryiate. ethyl (meth)acrylate. propyl (meth)acrylate, 
2-propyl (meth)acrylate, butyl (meth)acrylate, 2-butyl{meth)acrylate. 2-methylpropyl (meth)acrylate, t-butyt 
(meth)acrylate, 2-ethylhexyl (meth)acryiate, cyclohexyl (meth)acry!ate, iauryi (meth)acrylate, octyl (meth)- 
acrylate. decyl (meth)acrylate. stearyl (meth)acrylate. dicyclopentadienyl (meth)acryiate, and isobornyi 
(meth)acrylate; aryl monomers such as styrene. alphamethyl styrene. vinyl toluene, t-butyl styrene, benzyl 
fmeth)acrylate. and 2-benzylethyl (meth)acryiate; hydroxy monomers such as hydroxyethyl (meth)acrylate, 
hydroxypropyl (meth)acrylate, hydroxybutyl (meth)acrylate, sec-hydroxybuty) (meth)acrylate. and hydrox- 
yoctyl (meth)acrylate; acid functional monomers such as acrylic acid, methacrylic acid, maleic acid, and 
itaconic acid. Typically, the particle size of the wax particle in the final dispersion is 0.5 microns to 50 
microns, preferably 1.0 to 20.0 microns. The wax is dispersed by conventional techniques or emulsified in 
to the resin system to the desired particle size. The proper amount of the wax dispersion is then added to 
the pigmented base. The pH of the pigmented base can be adjusted using ammonia or any water soluble 
primary amines, secondary amines, tertiary amines, potyamines and hydroxyamines. such as ethanolamine. 
diethanolamine, tnethanoiamme, n-methy!ethanol amine, N,N •jiethylethanolamme, N-aminoethanolamine, N- 
methyldiethanoiamine, monoisopropanolamine, diisopropanoiamine, triisopropanolamine. hydroxyamine, 
butanolamine, hexanolamine, methyl diethanolamine, N.N-diethylammoethylam.ine, ethylene diamine, 
diethylene tnamine, diethylene tetraamme. he:<amethylene tetramine. tnethylamme and the like. The 
prefered base is ammonia. This component may also contain a water dipersible polyurethane resin at a 
level of 0-25°o by weight. 

Component B. the pigrT^ented or unpigmented base, has a total solids level of 5-60 °o by weight, a total 
pigment level of 0 0-45 °o by weight, a total oigamc solvent level of 0-25 °o by weight, a total binder of 20- 
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60 % by weight, a total wax level of 0-20 % by weight, a total water level of 40-95 °'o by weight, a pH range 
of 7-9 and a total water dispersible polyurethane resin at a level of 0-25 % by weight. 

Component C. reducer base, contains an aqueous solution of: 1) synthetic sodium Itthium magnesium 
silicate hectorite clay at a level of 0.1-10 % by weight, preferable 0 5-3.0 °'o by weight. 2) a polypropylene 

5 glycol at a level of 0.1-10 % by weight and or an anionic surfactant at a level of 0.1-2.0 °q by weight, 
preferable 0.1-1.0 % by weight. 3) a polyurethane resin at a level of 0.0 to 25.0 °o by weight, preferable 0.0 
to 10.0 %, 4) water miscible solvent at a level or 0-25 % by weight. 5) a total solids level of 0.1-20 % by 
weight and 6) a total water level of 50.0-99.9 % by weight. Component B, pigmented base, contains acrylic 
latex grinding polymer and acrylic latex film forming vehicle at a level of 5-50 %. preferably 15-50 °o. This 

10 level depends on the pigment in the component. This level of pigment in component B is 0.5-35 °o by 
weight, this level depends on the pigment characteristics alsc. Typically, a pigment to binder weight ration 
of about 10 100 to 300-100 is acceptable. The pigments are typically ground using conventional dispersion 
equipment such as sand mills, pearl mills, ball mills, horizonal mills, and vertical mills. Optional wetting 
agents, surfactants, and dispersing aids can be employed This component may also contain a wax 

/5 composed of ethylene and.'Or ethylenically unsaturated monomers alkyi (meLh)acrylates such as methyl 
{meth)acryiate. ethyl (meth)acrylate, propyl (nneth)acrylate, 2-prcpyl (meth)acry!ate, butyl (meth)acryiate, 2- 
butyl(meth)acrylate, 2-methylpropyl (meth)acrylate, t-butyl (meth)acrylate, 2-ethythexyl (meth)acrylate. 
cyrlohexyl (meth)acrylate, lauryl {meth)acrylate. octyl (meth)acrylate, decyl (meth)acrylate. stearyl (meth)- 
acytate. dicyclopentadienyl (meth)acryiate, and*isobornyl (meth)acrylate; aryl monomers such as styrene, 

20 aipha-methy! styrene. vinyl toluene, t-butyl styrene. benzyl (meth)acrylate. and 2-benzytethyl (meth)acrylate; 
hydroxy monomers sucn as hydroxyethyl {meth)acrylate, hydroxyprcpy! vmeth)acryiate. hydrcxybutyl 
{meth)acrylate, sec-hydroxybutyl {meth)acry!ate, and hydroxyoctyl {meth)acrylate; acid functional monomers 
sunh as acrylic acid, methacrylic acid, maleic acid, and itaconic acid. Typically, the particle size of the wa.< 
particle in the final dispersion is 0.5 microns to 50 microns, preferably 1.0 to 20.0 microns. The wax is 

25 dispersed by conventional techniques or emulsified in to the resin system to the desired particle size. The 
proper amount of the wax dispersion is then added to the pigmented base. The pH of the pigmented base 
can be adiusted using ammonia or any water soluble primaiy dfinnes. secondary amines, tertiary amines, 
po!yamines and hydroxyamines. such as ethanolamine, diethanolamine, triethanolamine, n-methylethanol 
amine. N.N diethylethanolamine. N-aminoethanolamine. N-methyldiethanolamine, monoisopropanolamine. 

30 diisopropanclamine, triisopropanolamine. hydroxyamine. butanoiamine, he>anolamine. methyl 
diethanolamine. N.N-diethylamtnoethylamine, ethylene diamine, diethylene tnamine. diethylene tetraamme. 
he^amethylene tetramine. triethylamine and the like. The preferred base is ammonia. 
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DESCRIPTION OF INVENTION 



This invention is directed to a coating composition for a water borne base coat especiaify designed for 
the automotive market. This invention describes a method for the introduction of metallic flakes into a water 
borne coating resulting in a highly superior base coat. The proper metal fixation is accomplished by the use 
of a novel rheology control agent which employs a synthetic sodium lithium magnesium silicate hetorite 

40 clay and a polypropylene glycol. The metalfic base coat is broken down into three bases that are combined 
just prior to application of the base coat. The nonmetallic base coat is broken down into two bases that are 
combined just prior to application of the base coat. 

The invention describes a methcd for the storage o^ aluminum flake in an organic medium with 
introduction of the flakes directly into the aqueous envircnrrent just cnor to application of the :cating 

-5 System, An acrylic resin with both nonionic and acid functtorvi'ity has been developed tnat allows for this 
introduction of the aluminum flakes into the aqueous en\,ircnf-nent without the neutralization step. This 
method minimizes the potential hazard of the aiuminurri f;:.<e reacting with water to form hydrogen gas 
during storage 

Component A, aluminum base is an aluminum slurry •• .v^ rrnamc er^vTcnment containing an acrylic 
5c resin having nonionic and acid, preferably noniomc uretha-^- .-. .1 and functionality. The a.'ummi.m disper- 
sion resin is an acrylic polymer in /vater-miscible solvents » ' L^y tf^e free-radical initiated fioiymenza- 
tion of ethylenically unsaturated monomers. A pciyethe- ' ::i - ^^g e^hylenicaliy unsaturated monomer 
preferably a oclyether-urethane ccntammg ethy'enically ur^sj:..'.-:/:'0 mc^on^er is nc'.ucieG m the moncm.er 
mixture, to give a final poly(ethy}ene oxide) level of l-50^c :. , .ve-ght. preferably 5-20°o by we^ght The 
number average molecular weight of the polymer is betvveen i 000 a^c 50,000 atomic mass units, its G:a5s 
T.^ansiticn Terriperature (Tg) is fce'weef^ -20 ' and + 50 ' C '.■■:a'-z\j'a:eo by tne Fo>' ^.ethcOi. its hydfC<yi 
number is 0 to 50. and its acid r.i.rr.tet is frcrrt 5 tc 5C rr; .ir^rams cf KOH per g^an^ of res^n sonos Tre 
v'sccsity c^ the fmal polymer is 3 000-10.000 cps A'th a soiios crr^ten: o"' eO-TQ-c we ght ar 23 ' C 
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Examples of polyether containing nnononners include poly(ethylene glykol)mono(meth)acrylate 
(containing 5 to 20 ethylene oxide units) and any other ethylentcally unsaturated nnononner that contains 

polyether units. 

The ethylenically unsaturated urethane-poiyether containing monomer can be synthesized by reacting a 
capped polyether glycol with a multifunctional isocyanate in such a way where the final adduct has one 
remaining free isocyanate. The capped polyether glycol has the following general formula; 



R-0-[CH2-CH(X)-0-]n-H 



w wherein 

X represents a monofunctional radical having from 1 to 8 carbon atoms, preferably a hydrogen or a 
methyl group. 

R represents a monofunctional, difunctional, trifunctional hydrocarbon radicals having 1 to 40 
carbons, 

75 represents the numer of moles of ethylene oxide and can range from 0 to 50, 

Said capped polyether glycols are known tn the art, including polyethylene glycol monomethyl ether, 
polyethylene glycol monoethyl ether, polyethylene glycol monopropyl ether, polyethylene glycol monobutyl 
ether, polyethylene glycol nonylphenol ether, polypropylene glycol monomethyl ether, polypropylene glycol 

monoethyi ether, poiypropyiene glycol monopropyrether, and polypropylene glycol monobutyl ether. 




wherein 

25 Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 
m represents the number of isocyanate groups 
The organic poly isocyanate which is reacted with the polyether glycol as described is essentially any 
polyisocyanate and is preferalby a diisocyanate, e,g., hydrocarbon diisocyanates or substituted hydrocarbon 
diisocyanates.Many such organic diisocyantes are known in the art, including p-phenylene diisocyanate, 
30 biphenyl 4,4'diisocyanate. toluene diisocyanate. 3,3'-dimethyl-4,4-biphenylene diisocyanate, 1.4- 
tetramethylene diisocyanate, 1 .6-hexamethylene diisocyanate, 2,2,4-trimethylhexane-1 .6 diisocyanate. 
methylene bis (phenyl isocyanate), 1,5 naphthalene diisocyanate, bis (isocyaratoethylfumarate), isophorone 
diisocyanate (IPDt) and methylene-bis-(4-cyclohexylisocyanate). there can also be employed isocyanateter- 
minated addicts of polyols such as ethylene glycol, or 1.4-butylene glycol, trimethylolpropane etc. These 
35 are formed by reacting more than one mole of a diisocyanate, such as those mentioned, with one mole of 
polyol to form a longer chain diisocyanate. 

It is preferred to employ an aliphatic diisocyanate, since it has been found that these provide better 
color stability in the finished coating. Examples include 1 .6-hexamethylene diisocyanate, 1.4-butylene 
diisocyanate. methylene bis (4-cyclohexyl isocyanate) and isophorone diisocyanate. Mixtures of 
40 diisocyanates can also be employed. 

Other multifunctional isocyanates can also employed such as 1 ,2,4-ben2enetriisocyanate, poiy- 
methylene polyphenyl isocyanate, isocyanurate of isophorone diisocyanate, isocyanurate of hexamethylene 
diisocyanate. 

The adduct may be prepared in conventional manner by reacting a stoichiometric excess of the organic 
45 polyisocyanate compound with the appropirate polyether glycol under anhydrous conditions at a tempera- 
ture between about 20 C to 130 C until the reaction between the isocyanate groups and the active hydrogen 
group of the poiyedther glycol is complete. The isocyanate groiips and the active hydrogen group of the 
polyether glycol are allowed to react in such a way that the ^loirlTiometry of the isocyanate group to the 
active hydrogen groups is 1.5:1 to about 3:1, preferably 2:1. ir.. -cyanate-polyether adduct that is formed 
50 has the following general formula: 



0CN-Z-[N{H)-C(0)-[0-CH(X)-CH2]n-0-RU.i 



wherein: 

55 X represents a monofunctional radical having from 1 to 8 carbon atoms, preferably a hydrogen or a 
methyl group. 

R represents a monofunctional, difunctional, trifunctional nydrocarbon radicals having 1 to 40 car- 
bons. 
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n represents the number of moies of ethylene oxide and can range fronn 0 to 50. 
Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 

m represents the number of isocyanate groups. 

The reaction between the tsocyanate group and the active hydrogen group of the polyether glycol may 
5 also be catalyzed. Examples of such catalyst are dibutyltin dilaurate. dibutyltin diacetate. 1 ,4-diaza(2.2.2)- 
btcyclooctane, tetramethylbutanediamine. zinc octoate 

and stannous octate. Solvents used must be nonreactive toward the isocyanate and also be water miscible. 
Examples of solvents meeting these requirments are acetone, methylethylketone, dimethylformamide, N- 
methylpyrrolidone, ethylene glycol diacetate and propylene glycol diacetate. 
•0 The urethane-polyether monomer is prepared in convential manner by reacting an equal stoichometnc 
amount of an ethylenicatly unsaturated compound having active hydrogen groups. The general formula for 
this ethylenically unsaturated compound is as follows: 

CHr =CH(X)-R'-R"-0-H 

wherein; 

X represents a monofuctional radical having from l to 8 carbon atoms, preferably a hydrogen or 
methyl group, 

R' represents a radical being a carboxyL'ahphatic, or aryl, preferably carboxyt. 
2Q R" represents a hydrocarbon radical having from 1 to 40 carbon atoms, 

Examples of hydroxy functional ethylenically unsaturated mionomers are fiydroxyetnyi (mteth)acrylate. 
hycroxypropyl (meth)acrylate. hydroxybutyl {meth)acrylate. sec-hydroxybutyt (meth)acryfate, and hydrox- 
ycctyl {meth)acry=ate. 

The final urethane-polyether monomer has the following general structure: 

CH: = CH(X)-Z-[N(H)-C(0)-(0-CH{X)-CH:),rO-R],^ 

wherein: 

X represents a monofuctional radical having from 1 to 8 carbon atoms, preferably a hydrogen or 
30 methyl group, 

R' represents a radical being a carboxyl. aliphatic, or aryl. preferably carboxyl. 
R" represents a hydrocarbon radical having from 1 to 40 carbon atoms, 
n r^rpresents the number of moles of ethylene o>:ide and can range from 0 to 50. 
Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 
:5 m represents the number of isocyanate groups 

The urethane-polyether monomer must be prepared under anhydrous conditions at a temperature 
between about 20" C to 130' C until the reaction between the isocyanate and the urethane-polyether adduct 
is complete. Any residual isocyanate may be destroyed by reaction with a mono functional active 
compound. Examples of such coupounds are methanol, ethanol, propanol. iso-propanol, butanot and 
-io hexanol. The reaction between the tsocyanate and the active hydrogen compound may aiso be catalyzec. 
Examples of catalysis are dibutyltin dilaurate, dibutyltin diacetate. 1 ,4-diaza(2,2.2)bicyclooctane. tetramethy- 
butanediamine. zinc octoate 

ano stannous octoate. Solvents used for this reaction must be anhydrous and nonreacttve toward the 
isccyanate group Examples of such soivents are acetone, methylethyl ketone, cimethyi fcrmamide. N- 

-5 me;nylpyrrclidone. ethylene glycol diacetate. and propylene glycol diacetate. A free radical inhibitor can 
aiso be present in the reaction mixture. The preferred inhibitor is butylated hydroxy toluene. 

The ethylenically unsaturated polyether-urethane contamir^g monomer also can be synthesized by 
reacting a capped polyether glycol with a radical having isocyanate and ethlenically unsaturated func- 
tionality in such a way where the final urethane-polyether monomer has ethlenically unsaturated functionaiitv 

50 for free radical pclymenzation. The capped polyether glycol '^as the foiiowmg general formula: 

R-0-[CH:-CH(X)-0]n-H 

whe-'ein: 

— X represents a mcnofunctional radical having from. 1 to 8 carton atcms. preferably a hydrcgen o-^ a 
methyl group. 

R represents a mcnofunc:ionai. difunct:onai. vri'.rr'ona\ hya:ccartcn raa^cals havng l to 40 car- 
bons. 
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n represents the number of moles of ethylene oxide and can range from 0 to 50. 
The mutlifunctional isocyanate has the following general formula: 



CH2=CH(X)-Z-(NC0), 



wherein 



Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 
m represents the number of isocyanate groups. 

X represents a monofunctional radical having from 1 to 8 carbon atoms, preferably a hydrogen or a 



The organic polyisocyanate which is reacted with the polyether glycol as described is essentially any 
polyisocyanate and is preferalby a monoisocyanate with ethylenically unsaturated functionality. The prefered 
isocyanate compound having ethylenically unsaturated functionality, is meta-isopropanyl-alpha, alpha- 
dimethylbenzylisocyanate. The urethane-poiyether monomer may be prepared in conventional manner by 
reacting a stoichiometric excess of the organic polyisocyanate compound with the appropirate polyether 
glycol under anhydrous conditions at a temperature between about 20"C to 130'C until the reaction 
between the isocyanate groups and the active hydrogen group of the polyether glycol is complete. The 
isocyanate groups and the active hydrogen group of the polyether glycol are allowed to react in such a way 
that the stoichiometry of the isocyanate group id the active hydrogen groups is 1.0:0.8 to about 1:1, 



CH2 = CH(X)-Z-[N(H)-C(0)-(0-CH(X)-CH2)n-0-RU 
wherein: 

X represents a mcnofuncttona! radical having from 1 to 8 carbon atoms, preferably a hydrogen or a 
methyl group. 

R represents a monofunctional, difunctional, trifunctional hydrocarbon radicals havmg 1 to 40 car- 
bons. 

n represents the number of moles of ethylene oxide and can range from 0 to 50. 

Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms. 

m represents the number of isocyanate groups. 
The reaction between the isocyanate group and the active hydrogen group of the polyether glycol may 
also be catalyzed. Examples of such catalyst are dibutyltin dilaurate. dibutyltin diacetate. stannous octate, 
1 ,4-diaza(2,2,2)bicyclooctane, tetramethyibutanediamine, stannous and zinc octoate. Solvents used must be 
nonreative toward the isocyanate and also be water miscible. Examples of solvents meeting these 
requirements are acetone, methytethylketone, dimethylformamide. N-methylpyrrolidone, ethylene glycol 
diacetate and propylene glycol diacetate. A free radical inhibitor can alsob be present in the reaction 
mixture. The prefered inhibitor is butyiated hydroxy toluene. 

The final aluminum dispersion resin is an acrylic polymer in water miscible solvent(s), formed by the 
free radical initiated polymerization of ethylenically unsaturated monomers including the polyether containg 
monomer and/or the urethane-poiyether mnomer previously discribed. 

Examples of ethylenically unsaturated monomers which can be used for this purpose include aikyi 
(meth)acryiates such as methyl (meth)acrylate. ethyl (meth)acrylate, propyl (meth)acrylate, 2-propyl (meth)- 
acrylate, butyl (meth)acrylate, 2-butyl (meth)acrylate, 2-methylpropyl (meth)acrylate, t-butyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate. cyclohexyl (meth)acrylate, lauryl {meth)acrylate, octyl (meth)acrylate, decyl 
{meth)acry!ate. stearyl (meth)acrylate. dicyclopentadienyl {meth)acrylate, and isobornyl (meth)acrylate; aryl 
monomers such as styrene, alpha-methyl styrene, vinyl toluene, t-butyl styrene, benzyl (meth)acrylate. and 
2-benzylethyl (meth)acrylate; hydroxy monomers such as hydroxyethyf (meth)acrylate, hyd-oxypropyl 
(meth)acrylate. ally! alcohol, hydroxybutyl (meth)acrylate, sechydroxybutyl {meth)acrylate, and hydro<yoctyl 
(meth)acrylate; acid functional monomers such as acrylic acid, methacrylic acid, maleic acid, and itaconic 
acid. 

The acrylic polymer is prepared in organic solvents that are water miscible, such as methyl ethyl 
ketone, acetone, ethanol, methanol, propanol, butanol, N-methylpyrrolidone. glycols, glycol ethers, glycol 
acetates, diethylene glycol ethers, diethylene glycol acetates, propylene glycol ethers, propylene glycol 
acetates, dipropylene glycol ethers, dipropyiene glycol acetates, specially preferred are ethylene glycol 
propyl ether, ethylene glycol butyl ether, ethylene glycol hexyl ether, propylene methyl ether, propylene 
ethyl ether, propylene propyl ether, propylene butyl ether, propylene hexyl ether, dipropylene methyl ether, 
dipropylene ethyl ether, dipropyiene propyl ether, methyl ethyl ketone and dipropylene butyl ether. The 



methyl group 
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if^^^via normal solution polymeri<::at!on techniqu^^^x, 



acrylic polynner is prepared via normal solution polymeri::at!on technique^^xamples of free-radical initiators 
include peroxides, such as benzoyl peroxide, tertiary-butyl peracetate, tertiary-butyl peroctoate. tertiary- 
butyl perbenzoate. and ditertiary butyl peroxide: and 1 .r-azobis(alkyl nitriie)s, such as . '-azobis- 
{^scbutyrcnitnle), and 1 . r-azobis(cyc!ohexane carbomtnle). Optionaliy. surfactants can also be present 
during the polymerization at a level of 0.1-2.0% by weight. 

The novel water reducible acrylic resin having nonionic, urethane and acid functionality also can be 
synthesized by the free-radical initiated polynnerisation of a.^-ethylenically unsaturated monomers, to form 
an acrylic polymer, having active hydrogen functionality followed by grafting of a diisocyanate / polyether 
adduct onto the acrylic polymer, to give a final polyfethylene o>ide) level of 1-50 % by weight, preferable 5 
°o to 20 °o by weight. The number average molecular weight of the polymer is between 1,000 and 50,000. 
preferably between 1.000 and 20,000 atomic mass units, its Glass Transition Temperature (Tg) is between 
-20 and +50 C (calculated by the Fox method), it's hydroyi number 0 to 50 and its acid number is 
from 5 to 50, preferable from 10 to 20 miligrams of KOH per gram of resin solids. The viscosity of this 
polymer is between 5.000 and 15.000 cps at non-volatile by weight, measured at 25 ° C. 

The active hydrogen functional acrylic polymer is synthesized in water miscible solvent(s). formed by 
the free radical initiated polymerization of ethylenicalty unsaturated monomers which include acitve 
hydrogen and acid functionality. The final acrylic resin should have a number average molecular weight of 
the polymer js between TOOO and 20.000 atomic mass units, its Glass Transition Temperature (Tg) is 
between -20 ' anc +50' C ^calculated by tne.Fox methodj. it s hydroxyl number is from 0 to 75 ana its 
acid number is from 10 to 20 milligrams of KOH per gram of resin soHds. The viscosity of this polymer is 
between 5,000 and 15,000 cps at 66% non-volatile by weight, measured at 25 ' C. 

Exam.pies or ethylenically unsaturated monomers which can be used for this purpose include alkyi 
(meth)acrylates such as methyl (meth)acrvlate, ethyl (meth)acryiate, propyl (meth)acryiate, 2-prcpyl (meth)- 
acrylate, butyl {meth)acryiate, 2-butyl (meth)acrylate. 2'methylpropyl (meth)acry)ate. t-butyl (meth)acrytate. 
2-erhy!hexyl (:meth)acrylate, cyclonexyl (me:h)acry!ate, lauryi imethjacrylate. octyl (meth)acrylate, decyt 
(mvth)acrylate. stearyt (meth)acrylate. dicydopentadienyl (meth)acrylate. and iscbcrnyl (meth)acrylate; aryl 
monomers such as styrene. alpha-methyl styrene, vinyl rolnf^no t-buty! styrene. benzyl {methjaci yldit;, and 
2-benzy(ethyl (meth)acrylate; ethylenically unsaturated compounds having at last one active nydrogen group 
such as. hydroxy monomers such as hydro^yethy! (meth)acry!ate. hydroxypropyl (meth)acrylate, hydrox- 
ybutyl (meth)acrylate. sec-hydroxybutyl imeth)acry!ate, and hvdroxyoctyl (methiacrylate; acid functicnal 
monomers such as acrylic acid, methacryi-.c acid, maleic acid, and itaconic acid 

The acrylic polymer is prepared m organic soivenrs that are water miscibie, such as methyl ethyl 
ketone, acetone. ethanoL methanol, p'^opano*, butancl. N-methvpyrrciiCone. glycols, glycol ethers, glycol 
acetates, d-ethylene glycol ethers, diethylene glycol acetates, propyene glycol ethers, propylene glycol 
acetates, dipropyiene glycol ethers, aipropyiene glycol acetates, specially preferred are ethylene glycol 
propyl ether, ethylene glycol butyl ether, ethylene glycol hexyi ether, propylene methyl ether, propylene 
ethyl ether, propylene propyl ether propylene butyl ether, propylene he>yl ether, dipropyiene methyl ether, 
dipropyiene ethyl ether, dipropyiene propyl ether, methyl ethyl ketone and dipropyiene butyl ether The 
acrylic polymer is prepared via normal solution polymerization techniques Eyampies of free-radical initiators 
include peroxides, such as benzoyl peroxide, tertiary-butyl peracetate. tertiary-butyl peroctoate. terttary- 
but/l perbenzoate. and ditertiary butyl peroxide; and 1 . 1'-azobisialkyl n!tr!le)s, such as , '-azobis- 
(fsobutyronitrile). and 1 .1 '-azobistcydohexane carbontnle.i Optionally surfactar's can a so be present 
during the polymerization at a level cf 0.1-2.0''o by weight 

The monoisocvanate pclyether urethane adduct is synthesized by reacting a capped polyether glycol 
with a multifunctional isocyanate in such a way where the final r.dduct has one rerTiainmg free isccyanate 
The capped polyether glycol has the following general for^uiia 

R-0-[CH:-CH(X)-0]n-H 

whe''ein: 

X represents a monofuncticnal radical navmg hom i to 8 :arGon atcms. preferably a hydrogen or a 
methyl group. 

R represents a monofunctiona', difunct-onal. tnfjn.rtica hyorccarcon -acica's having 1 tc 40 ca.'- 

bons. 

represents the number of moies ci et'iyiene oxide aro :an rar^^e frc^^ 0 to 50. 
T-e capped poiyether has a molecular range of lOO to 4 000 Exa-^pies c' cacped polyetner AHich ra- 
ce ..sed :n:x.de pciyCtry^ene glycol moncrT^e'hy, e:re-, pctyetry.one giycri r-cncethyi ether, pc^yetry e-e 
g yool n^onoprccv' et^er. poiyethv:ene g.ycc. ^^cnrc^ty: et'^er cC'/et^^ye'V g^v::* '^c^ > Tren.:' c'rc 



9 




EP 0 471 972 A2 




w 



15 



25 



30 



35 



40 



45 



50 



polypropylene glycol mononnethyl ether, polypropylene gtycol monoethyl ether, polypropylene glycol 
monopropyl ether, and polypropylene glycol nnonobutyt ether. 

The nnultifunctional isocyanate has the following genera! formula: 



Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 

m represents the number of isocyanate groups. 

The organic polyisocyanate which is reacted with the poiyether glycol as described is essentially any 
polyisocyanate and is preferalby a diisocyanate. e.g.. hydrocarbon diisocyanates or substituted hydrocarbon 
diisocyanates.Many such organic diisocyantes are known in the art, including p-pheny!ene diisocyanate, 
bipheny! 4.4'diisocyanate, toluene diisocyanate, 3,3'-dimethyl-4,4-biphenylene diisocyanate, 1.4- 
tetramethylene diisocyanate. 1 .6-hexamethylene diisocyanate. 2,2.4-trimethylhexane-1,6 diisocyanate, 
methylene bis (phenyl isocyanate), 1,5 naphthalene diisocyanate, bis(isocyanatoethylfumarate), isophorone 
diisocyanate (IPDI) and methylene-bis-(4-cyclohe>ylisocyanate). There can also be employed isocyanate 
terminated addicts of polyols such as ethylene glycol, or 1,4-butylene glycol, tnmethylolpropane etc. These 
are formed by reacting more than one mole of a diisocyanate, such as those mentioned, with one mole of 
polyol to form a longer chain diisocyanate. , 



diisocyanate, methylene bis (4-cyclohexyl isocyanate) and isophorone diisocyanate. Mixture^oT 

diisocyanates can also be employed. 

Other multifunctional isocyanates can also employed such as 1 ,2.4-ben2enetriisocyanate, poly- 
methylene polypheny! isocyanate, isocvanurate of isophorone diisocyanate, isocyanurate of hexamethylene 
diisocyanate. 

The adduct may be prepared in conventional manner by reacting a stoichiometric excess of the organic 
polyisocyanate compound with the appropirate poiyether glycol under anhydrous conditions at a tempera- 
ture between about 20 C to 130 C until the reaction between the isocyanate groups and the active hydrogen 
group of the polyedther glycol is complete. The isocyanate groups and the active hydrogen group of the 
poiyether glycol are allowed to react in such a way that the stoichicmetry of the isocyanate group to the 
active hydrogen groups is 1.5:1 to about 3:1, preferably 2:1. the isocyanate-polyether adduct that is formed 
has the following general formula: 

0CN-Z-[N(H)-C(0H0-CH{X)-CH2]„-0-R]rT,., 
wherein: 

X represents a monofunctional radical having from 1 to 8 carbon atoms, preferably a hydrogen or a 
methyl group. 

R represents a monofunctional, difunctional. trifunctional hydrocarbon radicals having 1 to 40 
carbons, 

n represents the number of moles of ethylene oxide and can range from 0 to 50. 
Z represents a hydrocarbon radical having from 1 to 18 carbon and nitrogen atoms, 
m represents the number of isocyanate groups. 

The reaction between the isocyanate group and the active hydrogen group of the polyethylene glycol 
may also be catalyzed. Examples of such catalyst are dibutyitin dilaurate, dibutyltin diacetate, 1.4-diaza- 
(2,2,2)bicyclooctane, tetramethylbutanediamine, zinc octoate and stannous octate. Solvents used must be 
nonreactive toward the isocyanate and also be water miscible. Examples of solvents meeting these 
requirments are acetone, methyiethylketone, dtmethylformamide, N-methytpyrrolidone, ethylene glycol 
diacetate and propylene glycol diacetate. 

The final water reducible resin having nonionic. urethane and acid functionality is prepared by reacting 
the monoisocanate poiyether urethane adduct with the active hydrogen functicnal acrylic polymer in a 
convential manner under anhydrous conditions at a temperature between 20 ' C to 130'C until the reaction 
between the isocyanate groups and the active hydrogen group of the acrylic is complete. The stoichiometry 
of the isocyante group of the adduct to the active hydrogen groups of the acrylic resin is 0.1:1.0 to 1 0:1.0 
The final polymer should have a final poly(ethylene oxide) level of 1 to 50 °o by weight, preferably 5 to 
20 °'o by weight. The number average molecular weight of the polymer is between l ,000 and 50.000 atOfTiic 
mass units, its Glass Transition Temperature (Tg) is between -20 'C and +50'C (calculated by the Fox 



Z-(NCO), 



wherein: 
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method), its hydroxy I number is from 0 to 50 and its acid numver is from 5 to 50, preferably 10 to 20 
milligrams of KOH per gram of resin solids. The viscosity of this polymer is between 5,000 and 15.000 cps 
at 66 % nonvolatile by weight, measured at 25° C. 

The reaction between the tsocyanate group and the active hydrogen group of the polyethylene glycol 
5 may also be catalyzed. Examples of such catalyst are dibutyltin dilaurate. dibutyitin dtacetate, 1 .4-diaza- 
(2,2,2)b!cyclooctane, tetramethylbutanediamine. zinc octoate and stannous octate. Solvents used must be 
nonreactive toward the isocyanate and also be water miscible Examples of solvents meeting these 
requirments are acetone, methylethylketone, dimethylformamide. N-methylpyrrolidone. ethylene glycol 
diacetate and propylene glycol diacetate. 
10 Any commercial aluminum paste available for solvent borne or water borne applications can be used m 
the preparation of component A. The amount of aluminum flake m the component is 4-30% by weight, 
preferably 23-30% by weight. 

Other nonmetatlic and metallic pigments that can be incorporated into this base include copper, copper 
alloys, mica, coated metallic foils, plastic flakes and steel. However, this is not an inclusive list. 
75 Additional organic solvent may be needed to reduce the viscosity of the acrylic resin. Acceptable 
solvents must be water miscible such as methyl ethyl ketone, acetone, ethanol, methanol, propanoi, butanol. 
N-methylpyrrolidone, glycols, glycol ethers, glycol acetates, diethylene glycol ethers, diethylene glycol 
acetates, propylene glycol ethers, propylene glycol acetates, dipropylene glycol ethers, dipropylene glycol 
acetates, specialty preferred are ethylene glycol- propyl ether, ethylene glycol butyl ether, ethylene glycol 
20 hexyl ether, propylene methyl ether, propylene ethyl ether, propylene propyl ether, propylene butyl ether, 
propylene hexyl ether, dipropylene methyl ether, dipropylene ethyl ether. dipropylRne pfopy! ether and 
dipropylene butyl ether. Component A, the aluminum base, has a total solids level of 25-55 % by weight, 5- 
35 %, preferably 20-30 %, binder by weight, 35-50% organic solvent by weight and total metallic pigment 
level of 4-30% by weight. Additional wetting, anti-settting additives common to the paint industry may be 



The preparation of component A, the aluminum base, is critical for the proper appearance of the 

aluminum flake m the final coating. Thp proper amount of the acrylic rosin solution is dissolved uilu the 
proper amount of water miscible organic solvent, such as methyl ethyl ketone, acetone, ethanol, methanol, 
propanoi, butanol, N-methylpyrrolidone, glycols, glycol ethers, glycol acetates, diethylene glycol ethers. 

30 diethylene glycol acetates, propylene glycol ethers, propylene glycol acetates, dipropylene glycol ethers, 
aipropylene glycol acetates, specially preferred are ethylene glycol propyl ether, ethylene glycol butyl ether 
ethylene glycol hexyl ether, propylene methyl ether, propylene ethyl ether, propylene propyl ether, 
propylene butyl ether, propylene hexyl ether, dipropylene methyl ether, dipropylene ethyl ether, dipropylene 
propyl ether and dipropylene butyl ether. The proper amount of the aluminum paste is slurred into the 

35 above described resm solution. The aluminum slurry must be stirred until the base is smooth and uniform. 

Component B. pigmented base, imparts the coloring effect upon the coating composition. The resm 
used for the dispersing of the pigments is an acrylic latex. Typical properties of this acrylic latex are as 
follows: 
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Solids content, % 
PH 

Weight per gallon, lbs 

Minimum film formation temperature, C 

Sward hardness 

Mechanical stability 

Glass transitition temperature, C 

Average molecular weight 



20-60 
7 to 10 
8.0 to 9.0 
0 to 70 
25 to 110 
OK 

10 to 50 
150,000 to 




Number average molecular weight 
Acid number on solids 
Volatile organic solvents, % 



30,000 to 60,000^ 
5 to 35 
0 to 20 



Particle size, nm 



50 to 150 



Especially preferred acrylic lattices are Neocryl A-622, Neocryt A-640, Neocryl A-6037 sold by ICI 
Resins, Joncryl J-537, Joncryl J-538 sold by Johnson Wax, Arolon 860-W-45 sold by NL industries. The 
level of this resin in component C is 15-60% by weight, preferably 20-40% by weight. The organic, 
inorganic pigments and/or dyestuffs are ground with this resin employing standard techniques. Examples of 
dispersing equipment are ball mills, pebble mills, pearl mills, horizontal mills, and vertical mills. Examples of 
pigments and dyestuffs but not limited to are titanium dioxide, graphite, carbon black, zinc oxide, cadmium 
sulfide, chromium oxide, zinc sulfide, zinc chromate, strontium chromate. barium chromate, lead chromate 
lead cyanamide. lead silico chromate, chromium oxide, zinc sulfide, yellow nickel titanium, yellow chromium 
titanium, red iron oxide, yellow iron oxide, transparent red iron oxide, transparent yellow oxide, black iron 
oxide, naphthol reds and browns, anthraquinones, dioxazine violet, isoindoline yellows, arylide yellow and 
oranges, ultramarine blue, phthalocyanine complexes, amaranth, quinacridones, halogenated thioindigo 
pigments and extender pigments such as magnesium silicate, aluminum silicate, calcium silicate, calcium 
carbonate, fumed silica, barium sulfate, among others. The level of pigment'dyestuff in component C is 0.0- 
45.0% by weight, typically 0-25%. This component may also contain a wax composed of ethylene and, or 
ethylenically unsaturated monomers alkyi (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)- 
acrylate, propyl (meth)acrylate, 2-propyl (meth)acrylate, butyl (meth)acrylate, 2-butyl(meth) acrylate, 2- 
methylpropyi (meth)acryiate, t-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate, 
lauryl (meth)acrylate, octyl (meth)acrylate. decyf (meth)acrylate, stearyl (meth)acrylate, dicyclopentadienyl 
(meth)acrylate. and isobornyl (meth)acrylate; aryl monomers such as styrene, alpha-methyl styrene, vinyl 
toluene, t-butyl styrene, benzyl (meth)acrylate, and 2-benzylethyl (meth)acrylate; hydroxy monomers such 
as hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate. hydroxybutyl (meth)acrylate. sec-hydrox- 
ybutyl (meth)acrylate. and hydroxyoctyl (meth)acryiate; acid functional monomers such as acrylic acid, 
methacrylic acid, maleic acid, and itaconic acid. Typically, the particle size of the wax particle in the final 
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dispersion is 0.5 micron to 50 nnicron, preferably 1.0 micron to 2.0 micron. Typical the wax contain 0 - 20 % 
by weight vinyl acetate. Typical properties of this wad are as follows: 



Acid Number {mg KOH/g) 0-50 
Hardness, dmm (ASTM D-5) <2.0 

10 Mettler Drop Point, C (ASTM D-3104) 100-150 
Particle Size, micron 0.5-10.0 
Hydroxyl Nurr±)er 0-50 

15 



Typicaiiy, the wax is dispersed by conventic^ai techniques in to the resin system to the desired particle 

20 sice or be prepared by emulsion techniques. The proper amount of the wax dispersion is then added to the 
pigmented base. This component may also contain other conventional paint additives such as dispersing 
aids, anti-settiing aids, wetting aids, thickening agents, extenders, plasticuers, stabilizers, hght stabilizers, 
antifoams, defoamers and catalysts singly or a multitude of them at the conventional levels. Also present in 
th'S component is a water miscible solvent such as methyl ethyl ketone, acetone, ethanol. methanol, 

2') propanol, butanol, N-methy!pyrrolidone, giycols. glycol ethers, glycol acetates, diethylene glycol ethers, 
diethylene glycol acetates, propylene glycol ethers, propylene glycol acetates, dipropylene glycol ethers, 
dipropylene glycol acetates, specially preferrpri are ethylene glycol propyl t-lr^er. ethylene glycol butyl ether, 
ethylene glycol hexyl ether, propylene methyl ether, propylene ethyl ether, propylene propyl ether, 
propylene butyl ether, propylene hexyl ether, dipropylene methy! ether, dipropylene ethyl ether, dipropylene 

30 propyl ether and dipropylene butyl ether at a level of 0-25% by weight, preferably 0-12% by weight. 
E>amples of water reducible polyurethanes are NeoRez R-960. R-966, R-967. R-9637 manufactured by ICI 
Resins and Spenso! L51 and L53 manufactured by NL Industries. 

Component B, the pigmented base, has a total solids level of 5-60^o bv weight, a total pigmient level of 
0,0-45°o by weight, a total organic solvent level of 0-25% by weight, a total binder of 20-60°o by weight, a 

3b teal wax level of 0-20% by weight, a total polyurethane level of 0-25''o by weight, a total water level of 40 - 
95 % by weight and a pH range of 7 - 10, preferably 7 - 9. The pH of the base can be adjusted using 
ammonia or other water soluble primary amines, secondary amined. tertiary amines, polyamines and 
hydroKyamines. such as ethanolamine. diethanciamine. triethanolamine, N- 
mcthylethyanolamine,N.Ndiethylethanolamine. N-aminoethanolamine, N-methyldiethanolamine, mon- 

■io oisopropanolamine, diisopropanolamlne, tnisopropanolamine. hydroxyamine, butanolamine, hexanolamine, 
methyl diethanolamine. N.N-diethylammoethylamine, ethylene diamine, diethylene triamine. diethylene 
te-raamine. hexamethylene tetramme. triethylamine and the like. 

Component C. reducer base, is an aqueous solution containing a dispersion of synthetic sodium lithium 
magnesium silicate hectonte day, a polypropylene glycol and or an anionic surfactantand op'iona'ly a water 

-5 reducible polyurethan resm. Addition of a polypropylene glycol to the hector ite day results m a low viskosity 
dispersion. The low viscosity dispersion of the hectonte day allows for easy mcorportion of the dispersion 
into the paint composition and ailows the coating to be applied wetter dunng the application process The 
polypropylene glycol also allows the coating to be sprayed wetter onto the substrate. Addition of the anionic 
surfactant results in the pregellmg of the hectonte day. Using the pregelied hectonte c'ay tn a ccatir^g 

5C composition results in a drier film application and a stable viscosity Tr^e typical properties of the synthetic 
sodium lithium magnesium silicate day are as follows' 
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Solids Content^ % 
Typical Analysis 



95-100 



Si02 


50-65 


MgO 


25-35 


Li20 


0,1-1.5 


Na20 


1.5-3,5 




3.0-12,0 



Particle Size 
Surface Area, m2g 



White free 




<2% greater than 250 microns 
370s 



Especially preferred synthetic sodium lithium magnesium silicate hectorite ctay is Laponite RD, 
available from Laporte, Inc. This hectorite clay is present in this component at a level of 0.1-10% by weight, 
preferably 0.5-3.0% by weight. This component also contains a polypropylene glycol at a level of 0.1 - 10 
% by weight and/or an anionic surfactant at a level of 0.1 - 2.0 % by weight, preferably 0.1 - 1.0 % by 
weight. The molecular weight range of the polypropylene glycol is 435 to 3900. Examples of anionic 
surfactants that can be employed are alcohol sulfated, ether sulfated, linear alkyi benzene sulfonates and 
specially preferred dialkyl sulfosuccinates. The cation of the salt may be ammonium, sodium, potassium, 
and other monovalent and/or divalent metals. This component may also contain a water reducible 
polyurethane at a level of 0.0 - 25.0 % by wegiht. preferably 0.0 - 10.0 % by weight. Examples of water 
reducible polyurethanes are NeoRez R-960. R-966, R-967, R-9637 manufactured by ICI Resins and Spensol 
LSI and L53 manufactured by NL Industries. 

The hectorite clay can be dispersed in the aqueous medium by Cowies or agitation. A water miscible 
solvent may also be present in this component such as methyl ethyl ketone, acetone, ethanol, methanol, 
propanol, butanol, N-methylpyrolidone. glycols, glycol ethers, glycol acetates, diethylene glycol ethers, 
diethylene glycol acetates, propylene glycol ethers, propylene glycol acetates, dipropylene glycol ethers, 
dtpropylene glycol acetates, specially preferred are ethylene glycol propyl ether, ethylene glycol butyl ether, 
ethylene glycol hexyl ether, propylene methyl ether, propylene ethyl ether, propylene propyl ether, 
propylene butyl ether, propylene hexyl ether, dipropylene methyl ether, dipropylene ethyl ether, dipropylene 
propyl ether and dipropylene butyt ether at a level of 0-25% by weight, preferably 0-I2'"o by weight. The 
total water content of this component is 50 - 99,9 % by weight. 

Other water reducible resin may be added to the coating to improve certain film properties such as 
aqueous one-component aliphatic polyurethane dispersions, aromatic polyurethane dispersions, polyesters, 
and alkyds. 

Addition of an acrylic acid and. or polyurethane based thickeners known to the art may also be added to 
achieve desired properties. The incorporation of meta! oxides such as zinc oxide may also improve the 
humidity resistance of the final film. 

Additional anionic and nomonic surfactants can be added to the paint composition to increase wetting of 
the substrate by the coating such as FC-120. FC-430 sold by 3M. Surfynoi 104. Surfynol 440 sold by Air 
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Products, Triton X-100 sold by Rohm and Haas, Troysol LAC sold by Troy Chemical Company. Aerosol 
OT's sold by American Cyanamid including the salts of dialkyi sulfosuccinates and Igepal's sold by GAF 
including the ethoxyiated alkyi phenols. 

This base coat composition exhibits a very high viscosity at low shear rate while having a low viscosity 
5 at high shear rates. This phenomenon results in the outstanding metal effect this coating composition 
possesses. The efflux time of the coating through a #4 Ford cup is 15 to 30 seconds at 23' C. 
Using the component B and component C nonmetallic automotive base coat kit compositions can te 
produced. 

The coating composition can be applied using conventional spray equipment or high volume low pressure 
70 spray equipment resulting in a high quality finish. Other modes of application are roller coating, brushing, 
sprinkling, flow coating, dipping, electrostatic spraying, or electrophoresis. Suitable substrates may be made 
of wood, metal, and synthetic material. After a flash off time of 15 to 45 minutes, a transparent top coat can 
be applied over this base coat. The preferred transparent clear coat is two component, based on acrylic 
and or polyester resins cured with polyisocyanatos. Other examples of cured transparent clear coats are 
15 acrylic and or polyester resms cured with silanes. acrylic and or polyester acid cured epoxy coatings, and 
acrylic and or polyester resins cured with aminopiast resins, such as melamine resins, however, this is not 
an inclusive list. 

PREFERRED EM BODIMENTS OF INV^ET^TION - 

20 

The following examples illustrate the invention without limitinq the scope thereof. 



Example 1: Base Coat Preparation 



25 In a 1 -liter distillation flask, fitted with a water-cooled condenser and a dry air-sparge tube, under a dry 
air atmosphere, 177.8 grams of isophorone diisocyanate is combined with 422.4 grams of Methoxy 
Polyethylene Glycol of the formula: CH30-(CH2CHrO)n-H (molecular weight = GGO). 10 grams of Urethane 
Grade Metnyl hthy! Ketone, and 12 grams of a 0.5% solution of Butyiated Hydroxy Toluene in Urethane 
Grade Methyl Ethyl Ketone. The mixture is then stirred for 5 minutes at ambient temperature, and 0.2 

3C grams of dibutyltin diacetate is added. The mixture is continuously stirred, and heated as necessary, to 
maintain a temperature of 60° C for two hours. The mixture is then cooled to less than 30 ' C. and 96.5 
grams of Hydroxyethyl Acrylate is added. The mixture is continuously stirred, and heated as necessary, to 
maintain a temperature of 60° C for two hoL.rs. Any residual isocyanate (as determined by Infrared 
Spectroscopy) should be reacted with a nmriimum amount of anhydrous ethanol. The product can be sealed 

35 in a dried glass bottle. 

Approximately 134 grams of Propylene glycol monopropyl ether is combined with 5 grams of Methyl 
Ethyl Ketone in a one-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket 
The mixture is brought to reflux (- 140* C). the Nitrogen flow reduced to a minimum, and a mixture of a.p- 
ethylenically unsaturated monomers is pumped into the flask over two hours. The monomer mixture 

•iG consists of Methyl Methacrylate - 7.3°/o. Styrene - 18.9°o. n-Butyl Methacrylate - 47.9%, Acrylic Acid - 
1.6%, 2-EthyiheKyl Acrylate - 2A°'o. and Polyether Moncmer (described above) - 22.0°o. While the 
monomers are being pumped into the reaction fiask. a mixti.fo of 10.6 grams of free-radical initiator (t-But/: 
Perbenzoate) and 50 grams solvent (propylene glycol mcnopropyi ether) is simultaneously fed into the flask 
over two hours. 

45 After adding all the m.onomers, solvent, anc initiator 'anj flushing the pumps and feed \\nes wc'^ 
propylene glycol monopropyl ether), the reaction is held at reflex After thirty minutes at reflux, a mixture ct 
1.2 grams of initiator and 35 grams of solvent (propylene -^i nnonc propyl ether) is pumped into the 
reaction flask over ten minutes. After adding the initiator a-'^ : s:!vont mixture, the reaction is held at reffu.«. 
After one to two hours at reflux, the reaction is cooled an : '.• ■C'-i \o.[o a lined metal can. The viscosity of 

50 this polymer is between 2,500 and 4.500 cps at 66 2% :i:,>j c; weight, measured at 25 ' C. and its 

acio number is from 12 5 to 14.5 milligrams of KOH per g-c.""^ ■ • -ci: " s:!i.ls 

Preparation of Component A - Aluminum Base 

5.-3 A commencal solvent borne aiunnmum; paste. 60 Og. v.as acoe^l 60 Og of butcxvethanoi Tne mixture 

was stirred until a homogeneous dispersicn was prccuceci F : t'-s c 5C^''Sion. 30. Og. of the resin cescr-tei'^ 
above was added to the dispersion and the entire m.i.tu-e s^i^reJ L.r.i\ a sm.ootn. L.'^ifcrm slurry ;'^as 
produced. Tms aluminum base contains 39°3 voiat ^e cga-^'C s: ve'^t c; /-eigrt a sC'Ti.s 'eve :f 61 0-c Cv 
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weight, a binder level of 13% by weight and an aluminum flake level of 26.0% by weight. 
Preparation of Component B - Pigmented Base 



The following pigment slurry was prepared. 12.2g of NeoCryl A-6037. 14.8g of NeoCryl A-640. 0.3g of 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation. O.lg of a 

defoamer and O.OSg of Surfynol 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade. The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622, 2.6g of 
butoxyethanol, 1 .3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 
elimination of the Perrindo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50. Og of a 
wax, 50. Og of unpigmented resin solution, 50.0 g of deionized water and 50. Og of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above, 6.0g of this wax dispersion was added with stirring, Also added to the pigmented 
and unpigmented bases descnbee above was 16.0g of NeoRez R-9637 manufactured by ICI Resins. The 
resulting pigmented base had a pH of 8.4, a solids level of 38.1% by weight, a volatile organic level of 
10.5% by weight, a binder level of 34,2% by weight, a pigment level of 4.3% by weight and a water level of 
51.4% by weight. The unpigmented base has a s€!id level of 35,4% by weight, volatile organic level of 

;[ 55.1% by weight and a pH of 8.5. 




To 1953.2g of deionized water, 31. 3g of Laponite RD manufactured by Laporte Industries and 10. 7g of 
Pluracol P1010 manufactured by BASF Corporation was added. The resulting solution was then agitated for 
one hour until the Laponite RD was completely dispersed. To this solution was added 1953. 2g of deionized 
water. The resulting mixture had a Laponite RD level of 0.79% by weight and a polypropylene glycol level 
of 0.27% by weight. 

EXAMPLE 2 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 



Component 



Parts by Weight 



Component A 

Aluminum Base 



16.0 



Component B 

Pigmented Base 



54 . 0 



Component C 

Reducer Base 



85.0 



The above formula was used to prepare a red metallic case coat The order of addition is that listed. 
After each introduction of a component, the entire solutton was stirred. The base coat was sprayed on 
paneis primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to tiash for 30 minutes arid then clear 
coated with a transparent coating based on tsocyanate technoic-gy The fmai properties of the base coat 
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after coating with a conventual polyurethane clear coat are listed below, including appearance ratings. 
Properties of the Red Metallic Base Coat and Base Coat. Clear Coat System 



Property 



Value 



Water 



72.5 % 



15 



3G 



Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight per Gallon (lbs/gal) 
VOC (lbs/gal) 
Gloss, 20 deg 
DOI 

Adhesion 

Film Thickness (mil) 
Humidity 
Water Spray 
Metal Control 



7.4 % 

2.4 % 
20.1 % 
10.8 % 

8.4 

2 . 4 
90 
84 

good 

0.34 
good 
excell . 
excell . 



EXAMPLE 3 - Preparation of a Water Borne Silver Metallic Base Coat 



35 



Component A 

Aluminum Base 

Component B 

LJnpigm.ented Base 

Com.ponent C 

Reducer Base 



16. Og 
54 .Og 
85. Og 



The above formula was used to prepare a siiver metaiiic case coat. The order of addition is that hsted 
Afte^ each introduction of a component, the entire soiut;on was stirred The base coat was sprayed or 
panels pnmed with an epoxy primer The base coat was sprayec on the substrate using conventional spray 
e.i^uicment until hiding was achieved The base coat was a'lcwed to f-ash for 30 minutes and then ciear 
c:a:ed with a transparent coating tasec cn :socyanate tecrrcicgy The f.nai properties of the base coat 
after ccating with a conventional po^yuretrare c ear ccat arc- iste^i be:cw. -x.uding appearance ratings 
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Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight /Gallon (lbs /gal) 
VOC (lbs/gal) 
Gloss, 20 
DO I 

Adhesion 

Film Thickness (mil) 

Humidity 



73.1 
7.7 
2.1 

19.2 

11.2 
8.4 
2.6 

89 



% 

% 
% 
% 
% 



90 



good 
0.5 

good 



3 




Example 4: Base Coat Preparation 



The hydroxyl-functional acrylic polymer ts prepared as follows. Appro imately 695 grams of Toluene is 
combined with 175 grams of Urethane Grade Methyl Ethyl Ketcne in a five-liter distillation flask, fitted with a 
water-cooled condenser, under a Nitrogen blanket. The mixture is brought to reflux, and adjusted to reflux at 
lOO' C by adding Methyl Ethyl Ketone, the Nitrogen flow reduced to a minimum, and a 2215 grams of 
mi<ture of ,;5-ethylenically unsaturated monomers is pumped into the flask over two hours. The monomer 
mj<ture consists of Methyl Methacrylate - 8.1%. Styrene - 21.2%, n-Butyl Methacrylate - 54.2%. Acrylic 
Acid - 2.7%, 2-Ethylhexyl Acrylate - 2.8%, and alpha-Methyl Styrene - 2.0%. and Hydroxyethy! 
Methacrylate - 9.1%. While the monomers are being pumped into the reaction flask, a mixture of 55 grams 
of free-radical initiator ( , '-azobis(isobutyronitrile)) and 250 grams solvent (Methyl Ethyl Ketone) is 
simultaneously fed into the flask over two hours. 

After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 
propylene glycol monopropyl ether), the reaction is held at reflux. After sixty minutes at reflux, a mixture of 
11 grams of initiator and 120 grams of solvent (Methyl Ethyl Ketone) is pumped into the reaction flask over 
seventy-five minutes. After adding the initiator and solvent mixture, the reaction is held at reflux. After one to 
two hours at reflux, the reaction vessel is cooled to just below reflux, and fitted with a Barrett trap below the 
condenser. Solvent is disttited off, until 130 grams of solvent is collected. Then the solution is cooled and 
poured into a lined metal can. The acid number of this polymer is between 19 and 21 milligrams of KOH 
per gram of resin solids, and its percent non-volatile is between 66°o and 69%. 

The diisccyanate ^ polyether adduct is formed by the reaction of one isocyanate group of a diisocyanate 
with the hydroxy! group of a Methoxy Polyethylene Glycol of the formula: CH30-(CH2CH20)n-H, where n = 
7 - 45. This reaction is carried out in a dry air atmosphere, as follows. 

In a 1 -liter distillation flask, fitted with a water-cooled condenser and a dry air-sparge tube, under a dry 
air atmosphere, 231.7 grams of isophorone diisocyanate is comibined with 35.9 grams of Urethane Grade 
Methyl Ethyl Ketone, and 374.5 grams of Methoxy Polyethylene Glycol of the formula: CH30-(CH2CH20)n-H 
(molecular weight = 350). The mixture is then stirred for 15 minutes at ambient temperature, and 0.2 grams 
of dibutyltin diacetate is added. The mixture is continuously stirred, and heated as necessary, to maintain a 
temperature of 60' 0 for two hours. The percent isocyanate of the adduct solution should be 6.7°'o - 6.9%, 
or 7.2% based on solids. 

To make the final urethane / acrylic graft copolymer, 610.9 grams of the hydroxyl-functional acrylic 

polymer is combined with 94.6 grams of the diisocyanate ' polyether adduct, and 60 grams of Toluene in a 
five-liter distillation flask, fitted with a water-cooled condenser, under a dry Nitrogen atmosphere. The 
mi.<ture is heated to 75* C. and held at that temperature for two and one-half hours. The temperature is 
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then increased untii the solution reaches reflux {- 104 C), and held at reflux for thirty nninutes. The solution 
is then cooled to 75* C. and vacuum stripped (85 mbars pressure) to rennove approxinnateiy 100 granns of 

solvent. The vacuunn is broken with Nitrogen, and 220 grams of ethylene glycol monobutyl ether is added to 
the flask. After stirring the mixture for ten minutes, vacuum stripping is resumed. Stripping continues at 75' 
5 C 85 mbars until a total of 210 to 212 grams (including the first 100 grams) of solvent has been removed. 
The solution is then cooled, and filtered into a lined can. The acid number is between 15 and 17 milligrams 
of KOH per gram of resin solids, and the percent non-volatile is between 66% and 69%. 

Preparation of Component A - Aluminum Base 

A commericai solvent borne aluminum paste, 60. Og, was added to 60. Og of butoxyethanol. The mixture 
//as stirred until a homogeneous dispersion was produced. To this dispersion. 30. Og, of the resin described 
above was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
produced. This aluminum base contains 39'^o volatile organic solvent by weight, a soldis level of 61.0°o by 
^5 weight, a binder level of 13% by weight and an aluminum ftake level of 26.0% by weight. 

Preparation of Component B - Pigmented Base 

The following pigment slurry was prepared, 12. 2g of NeoCryi A-6037. 14.8g of NeoCryl A-640, 0 3g of 
20 30°o aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by fvlobay Corporation. O.lg of a 
defoamer and 0.05q of Surfynot 104BC manufactured by Air Products. The above mixture were mixed 
tcgether and predispersed using a Cowles blade. The mixture was then ground on a sand mill untti the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622, 2.6g of 
butoxyethanot, 1 .3g of deionlzed water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
J5 portion under agitation. An unpigmented base can be prepared using the procedure above with the 
eiimtnation of the Perrindo Maroon R-6424 pigment A wax dispersion was prepared by grinding 50. Og of a 
wnv. 50. Og of unpigmented rosin solution, 50.0 g of deionized water and 50-Og of butoxyethanoi. I his paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above, 6.0g of this was dispersion was added with stirring. Also added to the pigmentea 
30 and unpigmented bases describee above was 16.0g of NeoRez R-9637 manufactured by ICl Restns The 
resulting pigmented base had a pH of 8.4. a soiids level of 38-l°o by weight, a volatile organic level of 
10.5°o by weight, a binder level of 34 2°o by weight, a pigment level of 4.3°o by weight and a water level of 
5l.4°'o by weight. The unpigmented base has a solid level of 35.4°o by weight, volatile organic level of 
9.5% by weight, a water level of 55.1°'o by weight and a pH of 8 5 



J5 



Preparation of Component C - Reducer Base 

To 1953.2g of deionized water. 31.3g of Laponite RD manufactured by Laporte Industries and 10. 7g of 
Piuracol P1010 manufactured by BASF Corporation was added. The resulting solution was then agitated fcr 
one hour until the Laponite RD was completely dispersed. To this solution was added 1953.2g of deionized 
water The resulting mixture had a Laponite RD level of 0.79®o by weight and a polypropylene glycol leve' 
of 0.27°o by weight. 

EXAMPLE 5 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 
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Component 



Parts by Weight 



Component A 

Aluminum Base 



16.0 



Component B 

Pigmented Base 

Component C 

Reducer Base 



54.0 



85.0 




The above formuia was used to prepare a red metailic base coat. The order of addition is that Tistec! 
After each introduction of a connponent. the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventual polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Red Metallic Base Coat and Base Coat, Clear Coat System 



Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolat ile 
Binder 

Weight per Gallon (Ibs/gali 
VOC (lbs/gal) 
Glcss, 20 deg 
DOI 

Adhesion 

Film Thickness (mil) 
Humidity 
Water Spray 
Metal Control 



72.5 % 
7.4 % 
2.4 % 

20.1 % 

10.8 % 
8.4 
2.4 

90 

84 

gDod 

0. 34 
good 
excell 
e:-:cell 



EXAMPLE 6 - Preparation of a Water Borne Silver Metailic Base Coat 
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10 



Component A 16. Og 

Aluminum Base 

Component B 54. Og 

Unpigmented Base 



Component C 85. Og 

Reducer Base 



/5 



20 The above formula was used to prepare a silver metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 

25 after coating with a conventional polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Silver Metallic Base Cnat and Base Coat, Clear Coat System 



30 



Property Value 



35 



40 



5Q 



Water 73.1 % 

Volatile Organic 7.7 % 

Pigment . 2,7% 

Nonvolatile 19.2 % 



Binder 11.2 % 

Weight /Gallon (lbs/gal) 8.4 
voc (lbs/gal) 2.6 
Gloss, 20 89 
DDI 90 
Adhesion good 

Film Thickness (mil) 0.53 
Humidity good 
Water Spray excell. 
Metal Control excell . 



Example 7: Base Coat Preparation 
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Approximately 134 grams of Propylene glycol monopropyi ether is combined with 5 grams of Methyl 
Ethyl Ketone in a one-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. 
The mixture is brought to reflux (- 140* C), the Nitrogen flow reduced to a nninimunn, and 454 grams of a 
mixture of a.^-ethylenically unsaturated monomers is pumped into the flask over two hours. The monomer 
mixture consists of Methyl Methacrylate - 7.2%, Styrene - 18.8%, n-Butyl Methacrylate - 48.1%, Acrylic 
Acid - 1.7%. 2-Ethylhexyl Acrylate - 2.4%, alpha-Methyl Styrene - 1.7%. and Polyethylene Glycol 
Monomethacrylate (containing 10 Ethylene oxide units) - 19.9%. While the monomers are being pumped 
into the reaction flask, a mixture of 11 grams of free-radical initiator (t-Butyl Perbenzoate) and 50 grams 
solvent (propylene glycol monopropyi ether) is simultaneously fed into the flask over two hours. 

After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 
propylene glycol monopropyi ether), the reaction is held at reflux. After thirty minutes at reflux, a mixture of 
1.7 grams of initiator and 35 grams of solvent (propylene glycol monopropyi ether) is pumped into the 
reaction flask over ten minutes. After adding the initiator and solvent mixture, the reaction is held at reflux. 
After one to two hours at reflux, the reaction is cooled and filtered into a lined metal can. The viscosity of 
this polymer is between 6,000 and 8,000 cps at 63.4% non-volatile by weight, measured at 25 ' C. and its 
acid number is from 14 to 16 milligrams of KOH per gram of resin solids. 



Preparation of Component A - Aluminum Base 



was added to 60, Og of buloxyethanol. The mixture 




above was added to the dispersion and the entire nnixture stirrea ur 

produced. This aluminum base contains 39% volatile organic solvent by weight, a soldis level of 61.0% by 
weight, a binder level of 13% by weight and an aluminum flake level of 26.0% by weight. 



Preparation of Component B - Pigmented Base 



The following pigment slurry was prepared, 12.2g of NeoCryt A-6037, 14.8g of NeoCryl A-640, 0.3g of 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation, 0.1 g of a 
defoamer and 0.05g of Surfynol 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade. The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622, 2.6g of 
butoxyethanol, 1.3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 
elimination of the Perrindo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50-Og of a 
wax, 50.0g of unpigmented resin solution, 50 0 g of deionized water and 50. Og of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above, 6.0g of this wax dispersion was added with stirring. The resulting pigmented base 
had a pH of 8.6, a solids level of 37.8% by weight, a volatile organic level of 10.6% by weight, a binder 
level of 33.3% by weight, a pigment level of 5.0% by weight and a water level of 51.6% by weight. The 
unpigmented base has a solid level of 34.7*^0 by weight, volatile organic level of 9.4% by weight, a water 
level of 55.9% by weight and a pH of 8.7. 



Preparation of Component C - Reducer Base 



To I953.2g of deionized water, 31.3g of Laponite RD manufactured by Laporte Industries was added. 
The resulting solution was then agitated for one hour until the Laponite RD was completely dispersed. To 
this solution was added 8.0g of Troysol LAC manufactured by Troy Chemical Company and the entrie 
solution stirred for 15 minutes. The resulting solution was then diluted with 1953.2g of deionized water. To 
this Laponite RD dispersion was added 462. 9g of NeoRex R-9637 manufactured by ICI Resins. The 
resulting mixture had a Laponite RD level of 0.71% by weight. Troysol LAC level of 0.18% by weight, water 
dispersible polyurethane level of 4.2% by weight and a volatile organic level of 1.1% by weight. 

EXAMPLE 8 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 
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Component Parts by Weight 



Component A -16.0 
Aluminum Base 

Component B 4 4.0 
Pigmented Base 

Component C 95.0 
Reducer Base 



The above formula was used to prepare a red metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy pnmer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventual polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Red fvietaltic Base Coat and Base Coat. Clear Coat System 



Property Value 



Water 72.5 % 
Volatile Organic 7.4 % 

Pigment 2.4 % 

Nonvolatile 20.1 % 

Binder 10.8 % 
Weight per Gallon (lbs/gal) 8.4 
VOC (lbs/gal) 2.2 

Gloss, 20 deg 92 

DOI 87 

Adhesion good 
Film Thickness (mil) 0.29 

Humidity good 

Water Spray excell. 

Metal Control excell, 



EXAMPLE 9 - Preparation of a Water Borne Silver Metai'ic Base Coat 
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Component A 

Aluminum Base 

Component B 

Unpigmented Base 

Component C 

Reducer Base 



16. Og 
44 .Og 
95. Og 



The above formula was used to prepare a silver metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
in eoQxv primer. The base coat was sprayed on the substrate using conventional spray 




coated with a transparent coating based on isocyana 
after coating with a conventional polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Silver Metallic Base Coat and Base Coat, Clear Coat Systenn 



Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight /Gallon (lbs /gal) 
VOC (lbs/gal) 
Gloss, 20 



73. 

7 

2 
19 
11 



93 



1 % 
7 % 
7 % 

2 % 
2 % 



8.45 
2.4 



DO I 

Adhesion 

Film Thickness (mil) 
Hunaidity 
Water Spray 
Metal Control 



86 

good 

0.37 
good 
excell 
excell 



Example 10; Base Coat Preparation 

Approximately 134 grams of Propylene glycol monopropyl ether is combined with 5 grams of Methyl 
Ethyl Ketone in a one-iiter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. 
The mixture is brought to reflux {- 140* C). tfie Nitrogen flow reduced to a mimmufn. and 454 grams of a 
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mixture of .^S-ethytenically unsaturated moncmers is pumped into the flask over two hours. The monomer 
nm.ture consists of Methyl Methacrylate - 7.2%. Styrene - 188%. n-Butyl Methacrylate - 48.1%, Acrylic 
Ac.d ' 1.7%, 2-Ethylhexyl Acrylate - 2.4%, alpha-Methyl Styrene - 1 7°'o, and Polyethylene Glycot 
Monomethacrylate (containing 10 Ethylene oxide units) - 19.9°o, While the monomers are being pumped 

5 into the reaction flask, a mixture of 1 1 grams of free-radical initiator (t-Buty! Perbenzoate) and 50 gramis 
solvent (propylene glycol monopropyl ether) is simultaneously fed into the flask over two hours. 

After adding all the monomers, solvent, and initiator (and flushing the pumips and feed lines with 
propylene glycol monopropyl ether), the reaction is held at reflux. After thirty minutes at reflux, a mixture of 
1.7 grams of initiator and 35 grams of solvent (propylene glycol monopropyl ether) is pumped into the 

w reaction flask over ten minutes. After adding the initiator and solvent mixture, the reaction is held at reflux. 
After one to two hours at reflux, the reaction is cooled and filtered into a lined metal can. The viscosity of 
this polymer is between 6.000 and 8,000 ops at 63.4% non-volatile by weight, measured at 25 * C. and its 
acid number is from 14 to 16 milligrams of KOH per gram of resin solids. 

.^5 PfOparation of Component A - Aluminum Base 

A commerical solvent borne aluminum paste, 60. Og. was added to 60. Og of butoxyethanol. The mixture 
was stirred until a homogeneous dispersion was produced To this dispersion, 30. Og, of the resm described 
atcve was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
20 produced. This aluminum base contains 39°o volatile organic solvent by weight, a solcis level of 61.0% by 
weight, a binder level of 13% by weight and an aluminum flake level of 26 0°- by weight. 

Pfcparaticn of Component B - Pigmented Base 

25 The following pigment slurry was prepared. 12.2g of NeoCryl A-6037, 14. 8g of NeoCryl A-640, 0.3g of 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation, 0.1g of a 
defoamer and O.OSg nf Snrfynol 104BC manufactured by Air Products. Thy dbove mixture were mixed 
together and predfspersed using a Cowles blade. The mi>'ture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622. 2.6g of 

30 butoxyethanol, l .3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the gnnd 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 
elimination of the Perrindo Maroon R-6424 pigment. A wax -nispersion was prepared by grinding 50.0g of a 
war, 50. Og of unpigmented resin sciution, 50 0 g of deioni^od water and 50. Og of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmentec 

J5 bases descnbed above, 6.0g of this wax dispersion was added with stirring Also added to the pigmented 
and unpigmented bases describee above was I6.0g of NeoRez R-9637 manufactured by iCi Resins. The 
resulting pigmented base had a pH of 8.4. a solids level of 38.1% by weight, a volatile organic level of 
10.5% by weight, a binder level of 34.2% by weight, a pigment level of 4 3°'o by weight and a water level o* 
51.4% by weight. The unpigmented base has a solid level of 35.4% by weight, volatile organic level of 

40 9.5% by weight, a water level of 55.1% by weight and a pH of 8.5. 

Preparation of Component C - Reducer Base 

To 1953.2g of deionized water, 31. 3g of Laponite RD f^iar^ufactured by Laporte industries and I0 7g of 
-5 Piuracoi P1010 manufactured by BASF CorpDration was a.ioe'1 The resulting solution was then agitated for 
one hour until the Laponite RD was completely dispersed Tc this solution was added 1953.2g of deicnized 
water. The resulting mixture had a Laponite RD level of 0 ^Q"".^ by wetght and a polypropylene glycot level 
of 0.27°o by weight. 

50 EXAMPLE 1 1 - PREPARATION OF A WATER BORNE RED rje, TAL L!C BASE COAT 
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Component 



Parts by Weight 



Component A 

Aluminum Base 



16.0 



Component B 

Pigmented Base 

Component C 

Reducer Base 



54 .0 



85.0 



The above formula was used to prepare a red metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventual polyurethane clear coat are listed below, including appearance ratings. 



Properties of the Red fVletallic Base Coat and Base Coat, Clear Coat System 



Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight per Gallon (lbs/gal) 
VOC (lbs/gal) 
Gloss, 20 deg 
DO I 



72.5 % 
7.4 % 
2.4 % 

20.1 % 

10.8 % 
8.4 
2.4 

90 

84 



Adhesion 

Film Thickness (mil) 
Humidity 
Water Spray 
Metal Control 



good 
^0 . 34 
good 
e;-:cell . 
excell . 
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EXAMPLE 12 - Preparation of a Water Borne Silver Metallic Base Coat 




Component A 16.0g 
Aluminum Base 

JO Component B 54. Og 

Unpigmented Base 

Component C 85. Og 

Reducer Base 

;5 



20 The above formula was used to prepare a silver metallic base coat. The order of addition is that listed. 
After each introduction of a connponent, the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 

25 after coating with a conventional pclyurethane clear coat are listed below, Including appearance ratings. 

Properties of the Silver Metallic Base Coat and Base Coat. Clear Coat Systerr^ 



30 



4G 



45 



Property 


Value 


Water 


73.1 % 


Volatile Organic 


7.7 % 


Pigment 


2.7 % 


Nonvolatile 


19.2 % 


Binder 


11.2% 


Weight /Gallon (lbs /gal) 


8.4 


VOC (lbs/gal) 


2.6 


Gloss, 20 


89 


DOI 


90 


Adhesion 


good 


Film Thickness (mil) 


0.53 


Humidity 


good 


Water Spray 


e:-:cell . 


Metal Control 


excell . 



E xample 13: Base Coat Preparation 

In a 1-liter distillation flask, fitted with a water-cooled condenser and a dry air-sparge tube, under a dry 
a:r atmosphere. 177.8 grams of isophorone dnsocyanate is combined with 422 4 grams cf Methoxy 
Pc'yethylene Glycol of the formuia; CHiO-(CH:CH:0),,-H imo'ecuiar weigh: = 550). 10 grams cf Urethane 
Grade Methyl Ethyl Ketone, and 12 grams of a 0.5^o solution cf Eutyated Hydroxy Toluene Urethane 
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Grade Methyl Ethyt Ketone. 

The mixture is then stirred for 5 minutes at ambient temperature, and 0.2 grams of dibutyltin diacetate 
is added. The mixture is continuously stirred, and heated as necessary, to maintain a temperature of 60* C 
for two hours. The mixture is then cooled to less than 30° C, and 96.5 grams of Hydroxyethyl Aery late is 
added. The mixture is continuously stirred, and heated as necessary, to maintain a temperature of 60° C 
for two hours. Any residual isocyanate (as determined by Infrared Spectroscopy) should be reacted with a 
minimum amount of anhydrous ethanol. The product can be sealed in a dried glass bottle. 

Approximately 134 grams of Propylene glycol monopropyl ether is combined with 5 grams of Methyl 
Ethyl Ketone in a one-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. 
The mixture is brought to reflux (~ 140* C), the Nitrogen flow reduced to a minimum, and a mixture of 
ethylenically unsaturated monomers is pumped into the flask over two hours. The monomer mixture 
consists of Methyl Methacrylate - 7.3%, Styrene - 18.9%, n-Butyl Methacrylate - 47.9%, Acrylic Acid - 
1.6%, 2-Ethyihexyl Acrylate - 2.4%. and Polyether Monomer (described above) - 22.0%. While the 
monomers are being pumped into the reaction flask, a mixture of 10.6 grams of free-radical initiator (t-Butyl 
Perbenzoate) and 50 grams solvent (propylene glycol monopropyl ether) is simultaneously fed into the flask 
over two hours. 

After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 

propylene glycol monopropyl ether), the reaction is held at reflux. After thirty minutes at reflux, a mixture of 
1.2 grams of initiator and 35 grams of solvent {[propylene glycol monopropyl ether) is pumped into the 
ten minutes. After adding the initiator and solvent mixture, the reaction Is held at reflux 




this polymer is between 2.500 and 4,500 cps 
acid number is from 12.5 to 14.5 milligrams of KOH per gram of resin solids. 



Preparation of Component A - Aluminum Base 



A commerical solvent borne aluminum paste, 60. Og. was added to 60.0g of butoxyethanol. The mixture 
was stirred until a homogeneous dispersion was produced To this dispersion, 30.0g, of the resin descnbed 
above was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
produced. This aluminum base contains 39% volatile organic solvent by weight, a soldis level of 61.0% by 
weight, a binder level of 13% by weight and an aluminum flake level of 26.0% by weight. 

Preparation of Component B - Pigmented Base 



The following pigment slurry was prepared, 12.2g of NeoCryl A-6037. 14.8g of NeoCryl A-640. 0.3g of 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation, O.lg of a 
defoamer and 0.05g of Surfynol 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade. The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622. 2.6g of 
butoxyethanol, 1.3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 
elimination of the Perrindo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50. Og of a 
wax. 50. Og of unpigmented resin solution, 50.0 g of deionized water and 50. Og of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above. 6.0g of this wax dispersion was added with stirring. The resulting pigmented base 
had a pH of 8.6, a solids level of 37.8% by weight, a volatile organic level of 10.6°o by weight, a binder 
level of 33.3°o by weight, a pigment level of 5.0% by weight and a water level of 51.6% by weight. The 
unpigmented base has a solid level of 34.7% by weight, volatile organic level of 9.4% by weight, a water 
level of 55.9% by weight and a pH of 8.7. 

Preparation of Component C - Reducer Base 



To I953.2g of deionized water, 31. 3g of Laponite RD manufactured by Laporte Industries was added 

The resulting solution was then agitated for one hour untii the Laponite RD was completely dispersed To 
this solution was added 8.0g of Troysol LAC manufactured by Troy Chemical Company and the entrie 
solution stirred for 15 minutes. The resulting solution was then diluted with 1953.2g of deionized water. To 
this Laponite RD dispersion was added 462. 9g of NeoRez R-9637 manufactured by ICI Resins. The 
resulting mixture had a Laponite RD level of 0.71=*o by weight. Troysol LAC level of 0.18% by weight, water 
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dispersible polyurethane level of 4.2% by weight and a volatile organic level of 1.1% by weight. 
EXAMPLE 14 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 

Component Parts by Weight 



Component A 16.0 
Aluminum Base 

Component B 4 4.0 

Pigmented Base 

Component C ^ 95.0 

Reducer Base 



25 

The above fornnula was used to prepare a red metallic base coat. The order of addition is that listed. 
After each introduction of a compnnpnt. the entire solution was stirred. The base coai was sprayed on 
panels prinned with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
30 coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventual polyurethane clear coat are listed beiow. including appearance ratings. 

Properties of the Red Metallic Base Coat and Base Coat. Clear Coat System 

35 — . 

Property Value 



Water 


72.5 % 


Volatile Organic 


7.4 % 


Pigment 


2.4 % 


Nonvolatile 


20.1 % 


Binder 


10.8 % 


Weight per Gallon (lbs/gal) 


8.4 


VOC (lbs/gal) 


2.2 


Gloss, 20 deg 


92 


DOI 


S7 


Adhesion 


good 


Film Thickness (mil) 


0 ,29 


Humidity 


good 


Water Spray 


excell . 


Metal Control 


excell . 
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EXAMPLE 15 ■ Preparation of a Water Borne Silver Metallic Base Coat 



Component A 

Aluminum Base 

Component B _ 

Unpigmented Base 

Component C 

Reducer Base 



16 .Og 
44 .Og 
95. Og 



.bove formula was used to prepare a silver metallic base coat. The order of addition is that listed. 




panels prinned with an epoxy pnmer. TTie t)ase coat was spraye 

equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventional polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Stiver Metallic Base Coat and Base Coat, Clear Coat System 



Property 


Value 


Wate^ 


73.1 % 


• Volatile Organic 


7.7 % 


Pigment 


2.7 % 


Nonvolatile 


19,2 % . 


Binder 


11.2 % 


Weight /Gallon (lbs /gal) 


8.45 


voc (lbs/gal) 


2.4 


Gloss, 20 


93 


DO I 


86 


Adhesion 


good 


Film Thickness (mil) 


0.37 


Humidity 


good 


Water Spray 


excell . 


Metal Control 


excell . 



Example 16: Base Coat Preparation 

In a 1 -liter distillation flask, fitted with a water-cooled condenser and a dry air-sparge tube, under a dry 

air atmosphere, 178 grams of meta-isopropenyi-a,a-dimethylbenzyl isocyanate is combined with 484.8 
grams of Methoxy Polyethylene Glycol of the formula: CH30-(CH:CHjO),rH (molecular weight = 550). 60 
granns of Urethane Grade Methyl Ethyl Ketone, and 13 2 grams of a 0.5^o solution of Butylated Hydroxy 
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Toluene in Urethane Grade Methyl Ethyl Ketone The mixture is then stirred for 5 minutes at ambient 
temperature, and 0.2 grams of dibutyltin diacetate is adoed. The mixture is continuously stirred, and heated 
as necessary, to maintain a temperature of 60' C for two hours. Any residual isocyanate (as determined by 
Infrared Spectroscopy) should be reacted with a minimum amount of anhydrous ethanol. The product can 

5 be sealed in a dried glass bottle. 

Approximately 134 grams of Propylene glycol monopropyl ether is combined with 5 grams of Methyl 
Ethyl Ketone in a one-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. 
The mixture is brought to reflux 140* C), the Nitrogen flow reduced to a minimum, and a mixture of cr.j3- 
ethylenically unsaturated monomers is pumped into the flask over two hours. The monomer mixture 

7G consists of Methyl Methacrylate - 7.3%, Styrene - 18.9%, n-Butyl Methacrylate - 47.9%, Acrylic Acid - 
1.6%, 2-Ethylhexyl Acrylate - 2.4%, and Polyether Monomer (described above) - 22.0%. While the 
monomers are being pumped into the reaction flask, a mixture of 10.6 grams of free-radical initiator (t-Butyl 
Perbenzoate) and 50 grams solvent (propylene glycol monopropyl ether) is simultaneously fed into the flask 
over two hours. 

75 After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 
propylene glycol monopropyl ether), the reaction is held at reflux. After thirty minutes at reflux, a mixture of 
1.2 grams of initiator and 35 grams of solvent (propylene glycol monopropyl ether) is pumped into the 
reaction flask over ten minutes. After adding the initiator and solvent mixture, the reaction is held at reflux. 
After one to two hours at reflux, the reaction is cooled and filtered into a lined metal can. The viscosity of 

20 this polymer Is between 2,500 and 4,500 cps at 66.2% non-volatile by weight, measured at 25 ' C. and its 
acid nurTiber is from 12.5 to 14.5 rniiiiyrams of KOH per gram of resin solids. 



Preparation of Component A - Aluminum Base 



25 A commerical solvent borne aluminum paste. 60.0g. was added to SO.Og of butoxyethanol. The mixture 
was stirred until a homogeneous dispersion was produced To this dispersion, 30. Og, of the resin described 
above was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
produced. This aluminum base contains 39% volatile organic solvent by weight, a soldis level of 61.0% by 
weight, a binder level of 13% by weight and an aluminum flake level of 26.0% by weight. 

30 

Preparation of Component B - Pigmented Base 



The following pigment slurry was prepared. 12.2g of NeoCryl A-6037, 14.8g of NeoCryl A-640. 0.3g of 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation, O.lg of a 

35 defoamer and O.OSg of Surfynoi 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade. The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622, 2.6g of 
butoxyethanol. 1 .3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 

40 elimination of the Pernndo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50 Og of a 
wax. 50. Og of unpigmented resin solution, 50.0 g of deionized water and 50.0g of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above, 6.0g of this wax dispersion was added with stirring. The resulting pigmented base 
had a pH of 8.6, a solids level of 37.8°o by weight, a volatile organic level of lO-e^'o by weight, a binder 

45 level of 33.3°o by weight, a pigment level of 5.0% by weight and a water level of 51. 6°b by weight. The 
unpigmented base has a solid level of 34.7°'o by weight, volatile organic level of 9 4% by weight, a water 
level of 55.9% by weight and a pH of 8.7. 

Preparation of Component C - Reducer Base 

50 

To I953.2g of deionized water, 31. 3g of Laponite RD manufactured by Laporte Industries was added 
The resulting solution was then agitated for one hour untii the Laponite RD was completely dispersec To 
this solution was added B.Og of Troysol LAC manufactureci by Troy Chemical Company and the entne 
solution stirred for 15 minutes. The resulting solution was then diluted with 1953.2g of deionized water. Tc 
55 this Laponite RD dispersion was added 462. 9g of NecRez R-9637 manufactured by ICI Resins. The 
resu^t'pg mixture had a Laponite RD level of 0.71 by weight, TroySQi LAC level of 0,1 8°o by weight, water 
aispersib!e polyurethane level of 4 2°b by weight and a volatile organic level of 1.1 by weight. 
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EXAMPLE 17 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 



Component 



Parts by Weight 



Component A 

Aluminum Base 



16.0 



Component B 

Pigmented Base 



44.0 



Component C 

Reducer Base 



95.0 



The above formula was used to prepare a red metallic base coat. The order of addition is that listed. After 
each introduction of a component, the entire solution was stirred. The base coat was sprayed on panels 
primed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventual polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Red Metallic Base Coat and Base Coat, Clear Coat System 



Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight per Gallon (lbs/gal) 

VOC (lbs/gal) 
Gloss, 20 deg 
DO I 



72 .5 
7.4 
2.4 

20.1 

10.8 
8.4 
2.2 

92 



% 
% 
% 
% 
% 



87 



32 



EP 0 471 972 A2 



• # 

Adhesion good 
Film Thickness (mil) 0.29 
Humidity good 
Water Spray e:-:cell. 
Metal Control excell. 



EXAMPLE 18 - Preparation of a Water Borne Silver Metallic Base Coat 



Component A 16.0g 
Aluminum Base 

Component B • 44. Og 

Unpigmented Base 

Component C 95. Og 

Reducer Base 



The above formula was used to prepare a siiver metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
panels primed with an epoxy pnmer The base coat was sprayed on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventional polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Silver Metallic Base Coat and Base Coat, Clear Coat System 
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Property 



Value 



10 



15 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight /Gallon (lbs /gal) 
VOC (lbs/gal) 
Gloss, 20 
DOI 

Adhesion 

Film Thickness (mil) 

Humidity 

Water Spray 

Metal Control 



% 
% 
% 
% 
% 



73.1 

7.7 

2.7 
19.2 
11 .2 

8.45 

2.4 
93 
86 

good 

0.37 
good 
excell 
excell 



cured with polyisocyanates. Other examples of cured transparent clear coats are acrylic and/or polyester 
25 resins cured with silanes. acrylic and/or polyester acid cured epoxy coatings, and acrylic and/or polyester 
resins cured with aminoplast resins, however, this is not an inclusive list. 



PREFERRED EMBODIMENTS OF INVENTION 



30 The following exannples illustrate the invention without limiting the scope thereof. 



Example 19 Base Coat Preparation 



Approximately 134 grams of Propylene glycol monopropyl ether is combined with 5 grams of Methyl 

35 Ethyl Ketone in a one-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. 
The mixture is brought to reflux (~ 140' C), the Nitrogen flow reduced to a minimum, and 454 grams of a 
mixture of ,;9-ethyIenically unsaturated monomers is pumped into the flask over two hours. The monomer 
mixture consists of Methyl Methacrylate - 7.2%, Styrene - 18.8%, n-Butyl Methacrylate - 48.1%, Acrylic 
Acid - 17%, 2-Ethylhexyl Acrylate - 2.4%, alpha-Methyl Styrene - 1.7%. and Polyethylene Glycol 

40 Monomethacrylate (containing 10 Ethylene oxide units) - 19.9%. 

While the monomers are being pumped Into the reaction flask, a mixture of 11 grams of free-radical 
initiator (t-Butyl Perbenzoate) and 50 grams solvent (propylene glycol monopropyl ether) is simultaneously 
fed into the flask over two hours. 

After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 

45 propylene glycol monopropyl ether), the reaction is held at reflux. After thirty minutes at reflux, a mixture of 
1.7 grams of initiator and 35 grams of solvent (propylene glycol monopropyl ether) ts pumped into the 
reaction flask over ten minutes. After adding the initiator and solvent mixture, the reaction is held at reflux. 
After one to two hours at reflux, the reaction is cooled and filtered into a lined metal can. The viscosity of 
this polymer is between 6,000 and 8,000 cps at 63.4% non-volatile by weight, measured at 25 ' C, and its 

50 acid number is from 14 to 16 milligrams of KOH per gram of resin solids. 



Preparation of Component A - Aluminum Base 



A commericat solvent borne aluminum paste, 60. Og, was added to 60. Og of butoxyethanol. The mixture 
55 was stirred until a homogeneous dispersion was produced. To this dispersion. 30. Og, of the resin described 

above was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
produced. This aiuminum base contains 39°o volatile organic solvent by weight, a soldts level of 61 O'^o by 
weight, a binder level of 13°0 by weight and an aluminum flake level of 26 0*^o by weight. 
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Preparation of Component B - Pignnented Base 



The foilowing pigment slurry was prepared, 12.2g of NeoCryi A-6037, 14.8g of NeoCryl A-640, 0 3g of 
30% aqueous ammonia. 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation, 0 lg of a 

5 defoamer and O.OSg of Surfynol 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryl A-622, 2.6g of 
butoxyethanol, 1-3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 

10 elimination of the Perrindo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50. Og of a 
wax, SO.Og of unpigmented resin solution. 50.0 g of deionized water and 50. Og of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above. 6.0g of this wax dispersion was added with stirring. Also added to the pigmented 
and unpigmented bases describee above was 16.0g of NeoRez R-9637 manufactured by ICI Resins The 

75 resulting pigmented base had a pH of 8.4, a solids level of 38.1'='o by weight, a volatile organic level of 
10.5% by weight, a binder level of 34.2°o by weight, a pigment level of 4.3% by weight and a water level of 
51.4% by weight. The unpigmented base has a solid level of 35.4°o by weight, volatile organic level of 
Q.S^o by weight, a water level of 55.l°o by weight and a pH of 8.5. 

20 Preparation of Component C - Reducer Base 



To 1953.2g of deionized water. 31. 3g of Laponite RD manufactured by Laporte Industries and 10. 7g of 

Pluracol PI 010 manufactured by BASF Corporation was added. The resulting solution was then agitated for 
one hour until the Laponite RD was completely dispersed. To this solution was added I953.2g of deionized 
^^5 water. The resulting mixture had a Laponite RD level of 0.79% by weight and a polypropylene glycol level 
of 0.27% by weight. 

EXAMPLE 20 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 

30 



Component Parts by Weight 



35 



Component A 16.0 
Aluminum Base 

40 

Component B 54.0 
Pigmented Base 

Component C 85.0 
4s Reducer Base 



The above formula was used to prepare a red meta.^i. : j-o e ra: The order of addition is that listed 
After each introduction of a component, the entire soiu: .:n ,%:;s £:.::ed The base coat was sprayed on 
panels primed with an epoxy pnmer The base coat was s;:'a.r- • --^ [--e Sc^bstrate us-rg conventional spray 
equipm.ent until hiding was achieved. The base coat 'Aas a .Aed :o Mash fcr 30 minutes and then c ear 
coated with a transparent coating based on isocyanate 'e':f\:.:gy The fmai properties of the base coat 
after coaling w-th a conventual poly^rethane c ear coat are ■ s:: .1 be'C a ir^Cuding appearance ratings 

Properties of the Red Metallic Base Coat arc Base Ccat. Coat System 
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Property 



Value 



Water 

Volatile Organic 
Pigment 
Nonvolatile 
Binder 

Weight per Gallon (lbs/gal) 
VOC (lbs/gal) 
Gloss, 20 deg 
DOI 

Adhesion 

Film Thickness (mil) 
Humidity 

Water Spray 



72. 

7 . 

2 
20 



5 % 

4 % 

4 % 

1 % 



10.8 % 
8.4 
2.4 

90 
84 

good 

0. 34 
good 



excell . 




EXAMPLE 21- Preparation of a Water Borne Silver Metallic Base Coat 



Component A 



16 .Og 



Aluminum Base 

Component B 

Unpigmented Base 

Component C 

Reducer Base 



54 .Og 
85 . Og 



The above formula was used to prepare a silver metailic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution .-vos stirred. The base coat was sprayed on 
panels primed with an epoxy primer. The base coat was spray'j'i on the substrate using conventional spray 
equipment until hiding was achieved. The base coat was aih /'V^jd to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate techriciogy The final properties of the base coat 
after coating with a conventional polyurethane clear coat are fistec! below, including appearance ratings. 

Properties of the Silver Metallic Base Coat and Base Coat, Clear Coat System 
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Property Value 



5 








Water 


73.1 % 




Volatile Organic 


"7 "7 4. 




P i gment 


9 "7 4- 




Nonvolatile 


TOO ^ 




Binder 


11.2 % 




weignt /Gallon (iDs/gal) 


Q /I 
O . 4 


15 


VOC (lbs/gal) 


2.6 




Gloss, 20 


89 




DOI 


90 




Adhesion • 


good 


20 


Film Thickness (mil) 


0.53 




Humidity 


good 




Water Spray 


excell . 




Metal Control 


excell , 



25 



Example 22: Base Coat Preparation 



30 The hydroxyl-functional acrylic polymer is prepared as follows. 

Approximately 695 grams of Toluene is combined with 175 grams of Urethane Grade Methyl Ethyl 
Ketone in a five-liter distillation flask, fitted with a water-cooled condenser, under a Nitrogen blanket. The 
mixture is brought to reflux, and adjusted to reflux at 100* C by adding Methyl Ethyl Ketone, the Nitrogen 
flow reduced to a minimum, and a 2215 grams of mixture of .^-ethylemcally unsaturated monomers is 

35 pumped into the flask over two hours. The monomer mixture consists of Methyl Methacryiate - 8.1°o. 
Styrene - 21.2%. n-Buty! Methacryiate - 54.2°'o, Acrylic Acid - 2.7%, 2-Ethylhexyl Acrylate - 2.8%, and 
alpha-Methyl Styrene - 2.0°o, and Hydroxyethyl Methacryiate - 9.1%. While the monomers are being 
pumped into the reaction flask, a mixture of 55 grams of free-radioal initiator { , '-a20bis(isobutyronitrile)) and 
250 grams solvent (Methyl Ethyl Ketone) is simultaneously fed into the flask over two hours. 

40 After adding all the monomers, solvent, and initiator (and flushing the pumps and feed lines with 
propylene glycol monopropyl ether), the reaction is held at reflu>. After sixty minutes at reflux, a mixture of 
11 grams of initiator and 120 grams of solvent (Methyl Ethyl Ketone) is pumped into the reaction flask over 
seventy-five minutes. After adding the initiator and solvent mixture, the reaction is hefd at reflux. After one to 
two hours at reflux, the reaction vessel is cooled to just beicw reflux, and fitted with a Barrett trap below the 

45 condenser. Solvent is distilled off, untn 130 grams of solvent is :oilected. Then the solution is cooled and 
poured into a lined metal can. The acid number of this polym-e- is between 19 and 21 milligrams of KOH 
per gram of resin solids, and its percent non-volatile is between 66*^0 and 69°o. 

The diisocyanate pclyether adducr is formed by the reaction of one isocyanate group of a dnsocyanate 
with the hydroxy! group of a Methoxy Polyethylene Glycol cf t^^e fcrmuia- CH:0-(CH:CH:Oin-H. where n = 

5(; 7 - 45 This reaction is carried out in a dry air atmosphere as follows 

In a 1 -liter distillation flask, fitted with a water-cooied condenser and a dry air-sparge tutre. under a dry 
air atmosphere, 231.7 grams cf isophcrone dnsocyanate s ccrromed w^th 35 9 grams cf Urethane Grade 
Methyl Ethyl Ketone, and 374 5 grams of Methoxy Poiyethylere Giycc' of tne *ormuia: CH ;0-(CH:CH:0),,-H 
(molecular weight = 350). The miixture is then stirred for 15 m^nu'es at afncient temperature, and 0 2 grams 

= = "f dtbutyitin diacetate is added The mixture is ccntmucusly starred and *-eated as necessary, to m.amtain a 
temperature cf 60' C fcr two hours The percent isocyanate cf t"ie adduct sO'ution should be 6 7^o - 6.9°o. 
a 7.2°o based on scuds 

To mane the fina^ uret'^ane acry.ic graft c:pC yr^er. 6i0 9 q-ams :f tne r.yOroxyi-funoticnai acryc 
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polymer is combined with 94.6 grams of the diisocyanate / polyether adduct. and 60 grams of Toluene in a 

five-liter distillation flask, fitted with a water-cooled condenser, under a dry Nitrogen atmosphere. The 
mixture is heated to 75' C, and held at that temperature for two and one-half hours. The temperature is 
then increased until the solution reaches reflux (- 104' C), and held at reflux for thirty minutes. The solution 
is then cooled to 75' C, and vacuum stripped (85 mbars pressure) to remove approximately 100 grams of 
solvent. The vacuum is broken with Nitrogen, and 220 grams of ethylene glycol monobutyl ether is added to 
the flask. After stirring the mixture for ten minutes, vacuum stripping is resumed. Stnpping continues at 75' 
C / 85 mbars until a total of 210 to 212 grams (including the first 100 grams) of solvent has been removed. 
The solution is then cooled, and filtered into a lined can. The acid number is between 15 and 17 milligrams 
of KOH per gram of resin solids, and the percent non-volatile is between 66% and 69%. 



Preparation of Component A - Aluminum Base 

A commencal solvent borne aluminum paste, 60. Og, was added to 60. Og of butoxyethanol. The mixture 
was stirred until a homogeneous dispersion was produced. To this dispersion, 30. Og. of the resin deschbed 
above was added to the dispersion and the entire mixture stirred until a smooth, uniform slurry was 
produced. This aluminum base contains 39% volatile organic solvent by weight, a soldis level of 61.0% by 
weight, a binder level of 13% by weight and an aluminum flake level of 26.0% by weight. 




The following pigment slurry was prepared. 12.2g of NeoCryl 
30% aqueous ammonia, 3.2g of Perrindo Maroon R-6424 manufactured by Mobay Corporation. O.lg of a 
defoamer and 0,05g of Surfynol 104BC manufactured by Air Products. The above mixture were mixed 
together and predispersed using a Cowles blade. The mixture was then ground on a sand mill until the 
desired particle size was achieved. A let down solution containing 29. 5g of NeoCryi A-622. 2.6g of 
butoxyethanol, 1.3g of deionized water and 0.03g of 1% aqueous solution of FC-120 was added to the grind 
portion under agitation. An unpigmented base can be prepared using the procedure above with the 
elimination of the Perrindo Maroon R-6424 pigment. A wax dispersion was prepared by grinding 50. Og of a 
wax, 50.0g of unpigmented resin solution, 50.0 g of deionized water and 50.0g of butoxyethanol. This paste 
was ground to the desired particle size using conventional techniques. To the pigmented and unpigmented 
bases described above, B.Og of this wax dispersion was added with stirring. The resulting pigmented base 
had a pH of 8.6, a solids level of 37.8% by weight, a volatile organic level of 10.6% by weight, a binder 
level of 33.3% by weight, a pigment level of 5.0% by weight and a water level of 51.6% by weight. The 
unpigmented base has a solid level of 34.7% by weight, volatile organic level of 9.4% by weight, a water 
level of 55.9% by weight and a pH of 8.7. 



Preparation of Component C - Reducer Base 



To 1953.2g of deionized water, 31. 3g of Laponite RD manufactured by Laporte Industries was added. 
The resulting solution was then agitated for one hour until the Laponite RD was completely dispersed. To 
this solution was added 8.0g of Troysol LAC manufactured by Troy Chemical Company and the entrie 
solution stirred for 15 minutes. The resulting solution was then diluted with 1953. 2g of deionized water. To 
this Laponite RD dispersion was added 462. 9g of NeoRez R-9637 manufactured by ICI Resins. The 
resulting mixture had a Laponite RD level of 0.71% by weight, Troysol LAC level of 0.18% by weight, water 
dispersible polyurethane level of 4.2% by weight and a volatile organic level of 1.1% by weight. 



EXAMPLE 23 - PREPARATION OF A WATER BORNE RED METALLIC BASE COAT 
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Component Parts by Weight 



Component A 16.0 
Aluminum Base 

Component B 44,0 
Pigmented Base 

;5 Component C 95.0 

Reducer Base 



20 

The above formula was used to prepare a red metallic base coat. The order of addition is that listed. 
After each introduction of a component, the entire solution was stirred. The base coat was sprayed on 
panels pnmed with an epoxy primer. The base coat was sprayed on the substrate using conventional spray 
25 equipment until hiding was achieved. The base coat was allowed to flash for 30 minutes and then clear 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
cii^yr coaling with a conventual polyurethane clear coat are listed below, including appearance ratings. 

Properties of the Red Metallic Base Coat and Base Coat, Clear Coat System 

20 



:5 



Property Value 



Water 72.5 % 
Volatile Organic 7.4 % 

Pigment 2,4 % 

Nonvolatile 20.1 % 

Binder iQ.s % 
Weight per Gallon (lbs/gal) 8.4 
VOC (lbs/gal) 2.2 

Gloss, 20 deg 92 

DDI ' S"' 

Adhesion good 
Film Thickness (m.il) 0.29 

Humidity good 

Water Spray e:-:cell, 

Metal Control excell. 



EXAMPLE 24 - Preparation of a Water Borr^e Silver MetaHic Base Coat 
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Component A 

Aluminum Base 

Component B 

Unpigmented Base 

Component C 

Reducer Base 



16. Og 
44 .Og 
95. Og 



The above formuia was used to prepare a silva' metallic base coat. The order of addition is that listed, 
introduction of a component, the entire solution was stirred. The base coat was sprayed on 




equipment until hiding was achieved. TTie T)ase coar wa 
coated with a transparent coating based on isocyanate technology. The final properties of the base coat 
after coating with a conventional potyurethane clear coat are listed below, including appearance ratings. 

Properties of the Silver Metallic Base Coat and Base Coat, Clear Coat System 



Property 



Value 



Water 


73.1 % 


Volatile Organic 


7.7 % 


Pigment 


2.7 % 


Nonvolatile 


19.2 % 


Binder 


11.2 % 


Weight /Gallon (lbs /gal) 


8.45 


VOC (lbs/gal) 


2,4 


Gloss, 20 


93 


DOT 


86 


Adhesion 


good 


Film Thickness (mil) 


0.37 


Humidity 


good 


Water Spray 


excell . 


Metal Control 


excell . 



Claims 



1. A metallic automotive paint base coat kit composition consisting of: 
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a) an aluminum base containing a water reducible acrylic resin having nomonic and acid func- 
tionality, 

b) pigmented base containing on acrylic latex resin and. 

c) reducer base containing a rheology control agent 

5 

2. The base coat kit composition of claim 1 wherein the aluminum base contains a water reducible solvent 
borne acrylic resin having nonionic and acid functionality resulting from the solution polymerization of 
ehtylenicaily unsaturated monomers wherein at least two ethylenically unsaturated monomers are acid 
and poly(ethylene oxide) functional and optionally ethylenically unsaturated monomer containing 
'C hydroxyl groups to give a polymer with a glass transition temperature from about -20 to 50 'C (using 
the Fox method of Tg calculation), relative weight average molecular weight of 1,00 to 50,000, an acid 
number of 5 to 50, a hydroxyl number of 0 - 50. and a final poty(ethy!ene oxide) level of 1 - 50 % by 
weight. 

15 3. The base coat kit composition of claim 1 wherein the aluminum base contains a water reducible acrylic 
resm having nonionic, urethane and acid functionality comprising: 

a) at least one monomer having acid functionality, 

b) at least one monomer having urethane and nonionic functionality prepared by the reaction of: 

1, a capped polyether having a sir^le active hydrogen functionality with a polyisocyanate 
^0 compound to produce a partially capped isocyanate intermediate which is further reacted with a 

ethylenically unsaturated compound having at least one active hydrogen aroup to produre ?>n 
ethyienicaiiy unsaturated compound having urethane and nonionic functionality, or 

2. a capped polyether having a single active hydrogen functionality with a polyisocyanate 
compound having ethylenically unsaturated functionality to produce an ethylenically unsaturated 

25 compound having urethane and nonionic functionality, 

c) ethylenically unsaturated compound 

d) and optionally ethylenically unsaturated compounds having artive hydrogen groups. 

4. The base coat kit composition of claim 1 wherein the aluminum base contains a water reducible acrylic 
30 resin having nonionic, urethane and acid functionality prepared by the reaction of an acrylic resin 

having active hydrogen functionality with an isocyanate adduct having urethane and nonionic func- 
tionality. 

5. A water reducible acrylic resin having nonionic. urethane and acid functionality suitable for the use in 
35 metallic automotive paint base coat compositions comprising: 

a) at least one monomer having acid functionality, 

b) at least one monomer having urethane and nonionic functionality prepared by the reaction of: 

1. a capped polyether having a single active hydogen functionality with a polyisocyanate 
compound to produce a partially capped isocyanate intermediate which is further reacted with an 

-^0 ethylenically unsaturated compound having at least one active hydrogen group to produce an 

ethylenically unsaturated compound having urethane and nomonic functionality, or 

2. a capped polyether having a single active hydrogen functionality with a polyisocyanate 
compound having ethylenically unsaturated functionality to produce an ethylenically unsaturated 
compound having urethane and nonionic functionality. 

-5 c) ethylenically unsaturated compound. 

a) and optionally ethylenically unsaturated compounds having active hydrogen groups. 

6. A water reducible acrylic resin having nomonic, urethane and acid functionality suitable for the use in 
metallic automotive paint base coat compositions prepared by the reaction of an acrylic resin having 

50 active hydrogen functicnaiity with an isocyanate adduct having urethane and nomonic functionality 
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